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By chemi tliat which occurs when two 


or more substances so a one another as to produce 
ance differing altogether from the original ones 

r when one substance is brought under sich 

that it forms two or.more bodies differing from the 

original one in pronessics. THuryif powdered sulphur and 
fine copper-filings be well mixed together, the coldur of the 


that of the copper will disappear, and to 

the mixture presents a uniform. greenish 

by the help of the microscope, however, the particles 

of copper may be seen lying by the’ side -f the particles of 

d'we can wash away the lighter sulphur sith 

the heavier copper behind.” Here no chemicat 

has occurred ; the sulphur and copper were only 

hanically mised. If we nest § at some of the 

mixture we see thabiit'soon begins to glow, and on examiing 
the mass we notice that both the copper and. the sulphus 

hhave disappeared as such, that they cannot ‘be distinguished 
y the most powerful microscope, and that im thei 

Place we havé formed a black substance possessing properties 

tentirely differegt from those possessed either by the copper 

fr by the sulphur. Here a chemical change has occurred ; 

the copper and the sulphur are said (have combnnd 

sj mically to form a compound out of which these two sub- 
md be regained in exactly the quantities used. In 
er, when a candle burns in the air a chemic 

change is going on ; and although the candle gradually dis 
Jappears, the materials of which it is made up are not 
Hestroyed of lost; they simply pass into'a siate in which 
BP sre invisible to our eyes, but their presence may be 


few minutes in a clean boit od with air, and afterwards 
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that : pn th Z i 
ais h h gp an invisi 
cea ba ‘’ 
wage ee me: 
osed hend with a 
agh the upper cork 


ed by weights placed in 
anon the other arm. 
hed, by means of 3 
tubing, to an opening af 
with water and furnished at’ th 
atap through which the water can flow out 
as the water flows out on opening this tap, air must pass if 
the whole apparajus by the holes 
cork is then removed, the taper 
ed, and the cork and taper quickly replaced ; after the 
ne asta for three or four minutes, the vulcagg 
eidisconnected, and the glass tube allowed tof 
is then seen that the weight of the apparatu 
er than it was before he the apparatus, 
ic soda having abso 
ater) produced by th 
beng, 4 (carbon and hydropen 


andle was burnt, the pieces ® 
ped the substances (carbonic. geidll 
of the constityent 


he combinat 


NTROPUCTION. 3 
By the c 

chemical 

ef matter 


n_of all 

it has been satisfa 
ver takes place, th 
sind that in chemical 


“ 


known cases of 
ly proved that a Zoss 
matter is indestructible, 
uch as that going on in the 
ge of state and not an annihile 
The truth of this first great princ 

has been gradually demons 

ubstance 
ays remain the same 


trated by 
acting chemically 
afterras before the 
determining very 
sulistances, an instrument called the 

d. Fig. 2 represents one form of 


tS Of the 


It ‘d_ brass beam 
4) vibrating about its centre, at which is fixed a triangular 
of agate (C): this rests upon a horizontal agate 

lane attached to the apright brass pillar. To each end of 
pre beam the light brass pans (Gn) are attached, each pan 
being suspended by an agate plane upon an 1 e 
on theend of the beam at Dp. This n 1 
amount of friction 5 small as 

and thus to ingure delicacy in the instrument. In 
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being spoilt by con 
order to prevent the agate edges from being 5? 
wwear on the agate planes, the beam 
sted. by the brass arm (EE) when the balance js not 
hat the surfaces do not touch ; the beam an 
jeased when required by turning the handle F 
Fane cubstance to be weighed is placed in one. pan, 2 
to the other wn 
! fed by the long F 
qual distanc of the central 
"1 equal distanc cent 
such as that figure will 
am wh 
ate the one-m 


tuse, so that the agat 


sd one by o! 


presented in 
; d with 100 
nth. part of the 


Sor will ind 
a. the cen 
is insure t 


5 tently w 
small as 
pe 


The ai 
t in gla: 


all thi toa 
depends 


toa 
of the weizhi 


4 draught: 


dast and m 
differing from the originals, In 
out his purpose he is obliged 
he is examining under circumstances, perhaps not 
in nature, which he can control and vary. Hence 
is called an experimental science. In thus in-| ip 
ting all the materials within his reach, whether solid, Jes 
whether contained in the earth, sea, or ai 
to the animal or to the vegetable cre 
nds himself obliged to divide substances, ii 
(1) Comrouxn Supstaxces—those w' x1 
into two or more essentially diffes 
ELEMENTS or SIMPLE SUBSTANCE 
unable thus to split up, and ov 
different from the original substancesshasint 


0 experin 


ve 


are made up of two or more el 


combined with each other 


of which cidh gy 


INTRODUCTION. 


re elementary bodies: out of each of 
ur OF copper canbe 
dies are heated together 
which both of the original ele: 

an at any time be prepared. Water 
lit up into two elementary 


d oxygen ; 
ux may serve as examples of compound 


ch 
» charcoal, iron, mercury, and 
to the’ clas: 


tioned as belongi of simple 


; experiment well illustrates the 
on. Of a compoynd into two simple substances 
y of the red powder called mercury oxide ig 


following 


compo: deposit of me 
lobules collects upon the cooler parte 
tube be ourless, 
sence cai be d trated by the 
hip of wood plunged into the tube 
the whole of the red powder is 

y mercury and 


gh exactly as mu ‘h as the re 


omes filled with cc 


sand the non 
flements such as gold iron, 
nd, those elements which ar 
temperature, such as oxygen, hydro; 
th some solid elemen , 
aber of the metals is m 
the non-metaJs ; we are a 
Bnd with only fit 
stitute the rat 
icience is built 
xamined is ma 


quainted with forty-nin 
metals. ‘These sixt 
tof which the whole fabric of th 
very description of matter which has. been 
up of these elements, e nbined 
legether to form compounds or in the uncombined or free 
Mate. The science of chemistry has for it 
Derimeptal examination of the properties of the elements 
ind their compounds, and the invastigation of the laws whi 
bination one with anot The 
of the principles of chem 
panufa 
icy haveexerted a most m 
f civilization, and have & 


e arts and 
and interest 
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production 

proved of 


$s not 
st of the elementary bodies 
rinted in large 
.; those in. small 
tals, a nly occurring 
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MANGaNe 
Mercury 
Molybdenum’ 
NICKEL . 
Niobium 
NITROGE 
Osmium 
OXYGEN 

Pa , 
PHOSPHORUS 


SULPH 
Tantaly 
TAR 


Thor 
Tis 
Tita: 
Tungsten 
dium 
Yetrium 
Zine .* 
Zirconium 
ant, and occur widely dis- 
whilst others have only been found in su 
in such rare fragn hat the 
mn satisfactorily examined, Thi 
rs throughout the air, 
Such quantities as to make 
Plailet. Whereas the 
Kc F have only 
iquantities, 
The elements are distributed very itr 


h minute 
properties 
for instance, 
ind solid earth, in 
p nearly half the weight of our 
ompounds of yttrium, erbium, indium, 
as yet been met with in most minute 


larly throughout 


The 
Fe 

as Tigh 
and by 


[Lesson 
oxen 
irty have been 
earth. The 
nt of the 
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ELEMENTS, 
IN the present work we shall consider the pr 
hall consider the properties of the 
non-metals and their compounds in the following ericr 
. SuLPHt 
it? SELENIUM 
red in the earth ROG TELLURIUM, 
for we find that non SiLicow., 
nore accurat Cittonine Borox 
IROMINE PuosPiiorus, 
lopint 
X ARSENIC 
jews ta Fivorine oF 
help of t 
Whether oxvoen, 


orfipositio 
“elements has fre 


Symbol O. Combining weight 15°96. Density 15°96, 


iging, , Oren is a colourless invisible gas, possessing neithe 
Judging taste n or smell. It exists in the free state Ire aaete 
tr tkealiesy Of Which it constitutes about one-fifth by bulk, while “ 
e alkalies , Whilst, in com 
4 for the allali@l bination with the other elements for net com 
elements unt Tipp CUsht OF the solid earth, and eight-ninths by weight ct atee 
were in reallliOssyen was discovered in the year 1774 by Tiestlen vod 
Independently in 1775 by Scheele, Lavoisier first clesriy 
composition of | the played by oxygen, and explained 
til lately, to that gaint es that go on when bodies burn in the air. 
ino element bi mn science OF chemistry may be dated 
Within, th he discovery of ox Oxygen gas can be prepared 
‘a solarand stellar chemist@™Mfrom the air, but it is more easily obtained from ming on 
many weil known chemical cubstances in tmpared oxygen by heating red mercuric oxide: thie sitar 
Ne reat exactitude 3 ep of 200 parts by weight of mercury, and sixteen 
rs with as great exactit tS of oxygen: when strongly heated, it is decomposed, 
iF presence ind@ields metallic mercury and oxygen gas. Oxy 
4 Be more cheaply obtained by heating potassium chloratey 
ly called chlorage_of potash), a white salt which 


eof the chemical 


from the exau in whi 
found wh jown in the earth. 


estri 
errest 


s facilitated but the 


ption of fluotl 


oh Wheat unite with Oxv% 


PREPARATION OF OXYGES, a 
in the air burns with a pale lambent flame, emits in oxygen 
a. pright violet light; and a small piece of phosphorne Ree 
irramed and placed in oxygen, burns with a. duating’ Rags 
jars in which these experiments have: been peforee 
arprards examined, it is found that the substances 
duced by combustion in oxygen possess acid cheese 
they have the power of turning red certain vegetahie's Ine 
tery such as litmus ; owing tothisfiet Eaveioe 
to oxygen the name it beats (Grom éecr acid, ween t 
ice). A bundle of fine iron wire can be éasily Parnes 
en by tipping the end with burning sulphur’ ant vac 
the iron thus tipped into a jar of the quae ake 
; » formed by. the combustion, drops dowa ia the 
Many other substances may be employed for the prepara- 
tion of oxygen ; thus, i lange quantities of the gas ard needy 
di-oxide (a substance of frequent occurence, 
ure) may be heated to redness in an iron botiles in 
s bY weight of the oxide yield 12'3 by weight of oxygen 
mother interesting decomposition by which oxygen ioeny 
free is that effected by sunlight upon the carbonic acid. gee 
Contained in. the air ; this is accomplished by means of tna 
freen colouring matter of plants. Sunlight Has the powes 
tn presence of this green colouring matter, of decomposing 
carbonic acid; the carbon is taken up by the plant for ie 
growth, whilst the oxygen is set free, and is afterwards usta 
by animals for the support of the process of respiration. in 
he act of n (Gilling the lungs) animals breathe in 
he oxyge whilst in that of ‘expirati ying 
he lungs) they breath out carbonic acid gas Hence cxyaes 
wherefore this fas was formerly 
ical change which oxygen effects 
pon the body of the animal is in fact identical-with, that 
hich yoes on yhen a piece of charcoal burns in the air or 
baygen this may be tendered evident bys sntht cee 
ent. If some clear lime-water be poured into A bottle of 
foxyxen in which charcoal has been burnt, the lime-water will 
become milky, owing to the formation of a compo 
Bnd carbonic acid (called chalk), this acid beng. p 
astion ; if the air contained in the lungs be next 
a piece of glass tubing into some more clear 
ater, a turbidity (from the formation of chalk) will at 
cur, proving that carbonic acid gas is given off from, 
Be lungs.” ‘This carbonic acid arises. from the oxidation o 
U5 of the boty, and by this oxidation the heat 


lege cer 


this caus proce 
fon fhe gases, OWN Bived in t 
of ay, poisonous S<0 5 srge scale will b 
reparihg NEE" Oh aaching 
{ reliteg © prance is determined by 
barium dioxide. ion of a substance 
Mibea the com 


gen vvevder, sulphuric acid, 


he. constituents 
ascertait 
said to de 


ie oe 
derived, it always 


up of three ¢ 


Kehoe 


When the satis heated, the whole of the oxygen come 
ield 47°88 parts of oxygen, whild 

id compound of chlerine ang 

assium chloride, remain bebindy 

oxygen which can’ be obtained. frofl 

of potassium chlorate, and vice versd, call 


position of substances 
than can be done by writing the names ¢ 


Bon pp. 


OxYGeNs 

mentary constituent chemists us 
h ne of the principles of 
ned. Instead of eset 

of the first two letters of the 
designate the clement; some 
g the Latin or Greck name.” ‘Thus Cl stander 
rine, O for Oxygen, and K (from Kali, another ancy io 
they stand 

; but they all have certain 

ing to then indicate the proportions 

in which the : found to 

parts by weight; 

um, but always 


nd, or symb a kind 


e are employed 


er. Thus Cl doe: 
, but always exactly 35 
nify any weight of Pota 
O signifies always 15°96 parts by weight 
Hence it is evident that we may express by 
ymbols not only the guaditative but also the guantitat 
amposition of chemical substances, Thus” 


therefore, K ClO, ; 
that the elements are 
yy weight indicated by 
‘ed below the letter O 
tof oxygen (15°96) is to be 
the combifti 


bis case 122°29) of the elementary con 


ether in the p 
the respective letters ; th 
shows that the combinin, 
aken three times. The i weights (in 
ituents is called the 
‘ombining weight of the compound. 
f the 64 elements has its particular symbol and number 
tached, signifying the proportion by weight in which it 
jombines (see Table. pp. 6, 7). The reasons which have led 
Phemists to adopt these special numbers for the combining 
uights or proportions of the elements, and the laws which 
en found to regulate their combination, will 


our stock of chemical facts gradually b 


In like manner each 


the eyedown the column of combining weight: 
it will be seen that many of thes 
BPproach nearly to whole nun 


diminished in yolume 
transformed into 0% 


be held opposite 


through the gas : i 


it possesses a peculiag 


tassium iodidg 


rermed Ozone, , : 
be passed through pure oxygen, the gas bec 
: by" about one-twelfth, and is partl 
it has not yet been found possibl 
to ozone. If au 
sium iodide, eapable 
ie as it is formed, the whole of the oxygt 
sformed into this active modificatic 
hich is observed when an elect 
caused by the presence of ozone ; 
ed ina soluti of potassium iodide and 
@ point on the conductor ¢ 


ation of 


© compound of iodine and 

ined in several other way 
llowed to hang in a 

in small quantities 

psition of 

na condensed 


1 
ulphuric acid upon a 
tate. The®amount of 
en undergoes, as well a: 

ied, being known, 
ined, It is found that 


tmosphere, and its presence is re 
colour which 'it imparts to paper im 


It occurs free in small proportions 
ases,,and it has been lately shown (0 


itis 


eC P. 31); and 


fen condense 


potassium 


6 | prod 
or of Som 
S alway 


inth of the weigl 
tain metals wh 
hydrogen as & &: 
im and sodium 
5 insta small piece of 
all. (W P jecompasition 
st siam hyde hh 
th 4 n takes fire and 


t being 


or water an potassium yield potassium hydroxide at 
bydr ation shows us that for every 1 part 
liberated (H), 39 P 
enter into combination. 
ted either by the peculiar 
power of turning to a blue 
mn of litmus which has been redened by an aci 
° prepare hydrogen by the action of red-hot iron 


(whence its 


ant” on ' togecher sil 


QF HYDKOG: a 


like a gun-barrel, filled with 

in a furnace (Fig. 5), and 

passed over the red. 

rogen gas is given off, 

The most convenient 

hydrogen in quantity depends 

by those metals, such a 

water at a red. heat ; <nainely, 

n from, dilute 

of For the 
drogen, a flask oF bottle 

epresenied in Fig. 6, some 


evolve h 


part of 
nd hydrogen) 
bh the tube funnel, 
utes a rapid effervescence commences, and 
s collected over water in bottles or cylinders 
Oxygen. Care must, however, be taken that 
Il the airis expelicd from the gask before the hydrogen is 
lected ; this is easily to be the case by filling 
t tube with the gas, and trying whether the gas burns 
ywietly when a Ii ‘ht to the mouth of the 
fubedheld dov 
Ifwe concer liquid remaining in the 
the the hydrogen, 
eparate out when the liquid cools 
sulphate. A given weight of zinc (with sulphyric 
Water) can always be made to produce a certain 


in the case 


we find that whi 
ese consist of 


4 a certain weld Sta parts by weight | drops upon 


itis found by expen 5 parts of zinc Mipcan be collect: 


iber of these drops 
found ed by dissol 


5 , they are found to 
ist of p Hydrogen does not support. the 
combustiongof a candle, nor the life of an animal, If « 

bi taper is pushed up into a cylinder of this gas, held 

with its mouth down en burns at the mouth 

aa add of the jar, while the taper is extinguished ; it can, however, 
uy aso the relit by the it ath. Hydrogen can bg pgured 


at in th from one vessel to another in the air; but as its 
king part in the han 
vances taking P ards. The specific gravity af 


as the unit, isgfound to be 


of hydrogen, 
1 parts by weight of hyo 
16=64 5 oxye 

68 parts by weight off 
and H,SO,_ + Sarion tells us that 98 parts. bp 
sulphur acid. | So the eqaiito Zn of 65 parts by weight 
FeO, or 161 parts: by weight of zinc sulphate 
of ne Oo htt bycroen > 
sl the air when a light is brought to jt 


Hydrogen poiy luminous, although ¢xtcemely hot flame} 


ral reason hall find it more 
int to irogen itself as our unit, and compare the 
ht of the same volumes of other gasesswith hydrogen 
tead of air, One liter of hydrogen gas at o° C. and 760 
IM. pressure ‘weighs o°o896 grams. Free hydrogen, fike 
oxygen, has never been obtained in the liquid or solid state. 
(The' pupil mast carefully work out the examples and 
exercises given for ench Lesson at the end of the book, and 
thus test the accuracy of his knowledge.] 


nd in the proce 
Of the air, forming water, 
combustion of hydrogen i 


h the oxyg 
The production of water by 

in the air may easily be shawn Bf 

glass ove ie of hydrogel 

i. 7; the glass becomesat 
jon of water in st 


, and thow 
called decamelers, ee, 
of capacity, or cubic 1m 


oF square 


we have me 


ters and 
the square 
‘of the meter 


saurement of 
to the measurement of 


f the barom ae 


0 To cent and 100 milli- 
1 distinct advantages to bt i by thea in For the sake of simplicity the word Ziter 
several distinct advantages 10 0¢ Et is used to signify cubic decimeter (rather le 
em, the chief of whe ms for than an English quart) 
¢.a decimal one, and hence a penny The Fre 
s, for instance), are 


hE phers who arranged this met 
ric system wished to have a simple relation be 
on which render tween the me 


from inches to mi of volume and that of weight, 
important is now g and they di | to take as their unit of weight 


The the wei ic centimeter of pure water of | 


ngt) the temperature of 4° Centigrade weighed at Paris 


than one yard (more) ‘This weight is termed x gramme or iy eeu 
his metet, like all otbely cram.” It is divided like! the meen ino 
hundredths, and thousandths, called respectively 
deci centi and-millngram ;' whilst to the tens, f 
hundreds, afd thousands of grams the names deca | 
hearin s MPU ‘becto-, aad kilogram archon Acne ee ra: 
cr the relation between the weights and measures cf 
the metric system and those commonly in use ia = 


(the distance from the equal 


ubvesuent investiga this country is given in the Appendix, 


on a 
ures out to De now Measurement of Temperature— 


fat of the true distance of the pole 4 : Thermometer 


pen, Measurements of changes of temperature ar 
a Pur, from which copies MR always effected by ascertaining the expansion or 


h we shall adopi 


scientific wou 
if which is called af 
Divisions equal . sine} 


between th 
at a glance by 
Th 
s_ Fahrenheit 
aumur is expr 


Tn con 
ees Fahrenheit t 


3 9, 5) 4. 


Réaumur, we mu 
to. subtract 
whilst when p 


utions must be 
thus, f 
regularit 
lowed for, whilst 
he free 


bore 
ight alter 
peint mu: 1 time to 
Different mercurial thermometers ofte 
ences in their indications, owing to t 
of different kinds of glass; hence it 
0 thi 


experiments to have recourse t 


Expansion of 


Soltd and liquid bodies expand m 
ents of heat than gases 
Whilst all gases exp 


ch 
; they also 
or very nea 


hought that 


be must be calibrated 


must be determined 
ation in the position 
time by 


ascertained 
ht differ 

unequal expansion 

hermometer, 


less for equal incre 
expand different] 


arly $0. The expan 


tary chem 
regul 
ayes rex 


importance 


experiment 


ra C. fo 


1,000 cubis 


st 


when heated 
rat 
This 
we multipl 
re to know what the 
will occupy when the 


neh remember that the 


and desire to know the volume which 

fe have in like manner to remember, 

3 + 50, or 323 

d then we can ¢ alteration if 
1,000 ebe, of ated 


to 50 


the san 


cased, 


cted to.an increasé of pressure, the 
ss; and when the pressure is 
ands again, and occu 


P 
which it did befo 
Si d liquid bod 


aad Magous nave shown that hyd 


the pressure 
be compressed if 


re hence kn 

le fluids however, 1 
only to a very slight extent + Ii 
enting the relation b 


liquids, 

{ the pressure 
ween the volumes of a 
is subjected is a very 

ite's Law, from the 

at the volimmocmipica 
the pressitre to which 
the volume 1 under 
under the pressure 4, the 


sures to which the 


instance, 


pressure 4, the 
under the pressure 2, and 
} under the pressure 3, and 
For a description of the exper 


mental proof of this law, a work on 
Physics must be consulted, 

T ient which serves to 
measure the press d by the 
air is termed a 9). 
This in its simple Sof a 
straight glass tut > mm. 

he: at one end, 
and furnished 


he same metal. 
to ay 760 mm. 
surface of the metal in the 
it is sustained in this position 
by the pressure of the air. When this pr 
the height of the sustained column be 
itsdiminishes, the level of the mercury in the tube falls. 
Alfgnas gercated athe cahearsy a, Sh fle 
Pressure, and their volumes increase or diminish according 
to the above law, as the superincumbent pressure becomes 
less or greater, ‘In estimating the volume of hy 
Which can be collected from a given weight of zinc and 
sulphuric acid, it is clear that we require to know not 
only the temperature at which the fas is collected, but also 


percep 
sboohite ruth of the aw of Bayle = 


€ P 


The student 
pe 
of ect 


Another 
Gases whi 


ate at 


with hydrogen 


the power of 
n differing in specifi 
as is placed a 


nportant property is 


“and the barom' 


1298 o 
tif, mea 
of oxygen weig . 


essure of 


will be 
rs at o° and 760 mm, 
mm. will weigh 


Next we require to know how 
rams; Next we req! 


ht of oxygen; 


aterwill farnish this v 
3 of oxygen, 


rams of ¢ 


, for instance, the weight 


a balloon of 


If with these methods 


of ] 


hysical pro ases is that of diffusion 
when mixed together, do not combine chemir 
timately mixed togethel 

'y, and when the heaviet 

nd both remain at rest. ‘This 
ifusive power of gasth 
varies greatly. THis 

lost 94°5 per cent. of this gas whe 
he air in the same time as that in WhiG 


1¢ bottom, 


which gases 


DIFFUSION, OF GASES." 


cid lost only 47 per 
seous diffusion 
lids, 


at of this gas 
through the 
or thin plates 
and hydrogen 
and filling’ this 
nto water a steady 
id after sae time 
have disappeared, and 
Experimefts made upon 
{pass through 
1 volume of oxygen is 

: ixteen ‘times a 

his property of gases fi 


such as stuc: 
by fixing a thin piece of 
open at fase end 

ing the open end 


agm in the sar 
$0, oxygen bei heavy as 
s an important bearing 
welling-rooms, which 18 
t by this diffusive power 

table gives ¢ 

m, of i 
pared with the 


reat exte gases, 
tes of diffusion, as deter: 

es, that of air taken to be 
inverse square roots of their 


Diaxidk or$087 


H,0, 


Cor 


of oxygen and 
1,0. C 


mbining We 


air water is formed by the 


When hydr 
union of the forme 


ition of water was mad 


form “water, 
lncice at 


en pumper 
at B 


discovery of the 


1781 by Hengy Cavendishy, 
who showed that t fasutn 
In“order to ‘prove this 
gases in this proportion 
ar, and thea allowed them to 
"mbling that seen in Fig. Io, 


ric 


Tetra 


pass into a strong 


A, from which the), 
By means of two platinum Wit 


© spark could be 
causing thei 
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fan the sides of ‘the and when the stopeore 
ned under water, this liquid rushed in, filing the what 
weighed the glass before and after the explosion, and, Mena 
the weight of taken, he found that the weight e 
the water produ that of the gases which 
combined. Sin tioned year, the eucPtom. 
on of water has ject of careful 
hemists, andthe result has 

h more delicate methods this original 


conclusion. The most accurate of these methods of asc 
ing the composition of water is a modification only of that 
originally used by Cavendish. We use for this purpose a 
long, accurately graduated, strong glass tube called a 1 

meter (A, Fig. 11), open at ‘one end and closed at the other, 
Whilst through the glass at the top are melted two platinum 
Wires. This tube is first filled with mercury, and placed 
mouth downwards over a trough filled with this metal (Fig. 
11). Hydrogen gas is now allowed'to enter the tube, and 
the vslume admitted meastired (suppose equal to’ 100 
Malumes) ; oxygen gas is next admitted, and the volume of 
the two mixed gases measuyed (suppose that 75 volumes of 


js now passed Pa 
SF ill be depos : 


part of the bat 

that its volume f 

¢ eudzometer is ope 
in the tube rises, and we shall 1 

lumes of gas remain, an this turns 
Saygen for their complete i 


hich its c 

be neglected 

find that only 25 volun 

to be pure oxygen. Thus we 

tly 50 volumes of ox 

a 

ustion. By a modification of this experiment, it € 
pam thatthe volume of the gaseous water formed oCCi 

| 62 volumes of hydrogen uniteg¥it 

folumes of steam, hence the deesil 
5 1396 2 The 


When the be 


of 1 volume 


z 


DECOMPOSITION OF WATER 
f) 


method of demonstrating the composition of water 


ing it up into its constituent gases by 
rent of voltaic electricity. For this mcg” 
ss vessel (Fig 


ally is by spli 


his purpose 
acidulated with 
nduct the electricity, and brin 


ates attach ; 


engaged from the plate in 
inuin end of the battery is und to 
whilst that coming off from the other plate 
cted with the zinc end ef 
e battery, is pure hydrogen 
If the two tubes be gradi 
it will be seen that 
volum 
very lit than d 
that of the oxygen ; fi 
to the 


each plate is noticed 
on with the p 
be pure oxygen ; 


"rather 
in water than 
fo not thus 


exact propor 


sol ha 


lect the detona- 
mposition 


Apparatus represen: 
‘employed. 

heavy as hydrogen, and these 
gases combining to + in the proportions by volume 
ne’ of to twoof the latter we now 
know that the proportions by weight in which these gases 
exist im water mast be as 15°96 to 2. It is neverthel 
important that this calculation be verified by direct experi- 
ment. For this purpo ade of the fact that copper 
oxide when heated alone t part with any of its oxygen, 
but when heated in presence of hydrogen it parts with as 
much oxygen as will, by combining with the hydrogen, form 
water, being itself ‘wholly or partly reduced to. metallic 
coppag. If, therefore, we take a known weight of copper 
oxide heat it, and pass pure hydrogen over it until it-has 
Ported with all its oxygen, and if we collect and weigh all the 
Water thus formed, and likewise weigh the remaining metallic 


5 most 


F WATER, 33 
from the sudden 

ved in combination, 
ne-third full with oxygen 
hen bring a flame to the 
a sudden detonation 
fatal accidents have 
experimentedayith 

In order wembit 


of the two gases, 


; in this "arrangement 
in two caoutchouc bags 


je com= 

xplosion is avoided, 
luminous, but 

tly fusible metals, 

it, whilst iron wire 

cintillations, forming 

or lime placed in this 

, and emits an 


forms : in the solid form as 
cd in the gaseous form as 
tween of and 100°C. it takes 

it entirely assumes the 
ry atmospheric ure of 

t of ice is always found to be 
is taken as the zero of 
, however, under certain 
lid; 
G In 
tate water becomes 
n expansion (from 
takes That this expansion exerts 
ble force is well illustrated by the splitting 

ig the winter. Water penetrates into th 

crevices of the rocks, and on free 

this process being repeated over and over 

s ultimately split into fragments. Hollow 

ast-iron can thus easily be split in two by 

them with water and closing by a tightly-ftting screw 

en exposing them to a temperature below 0° C. 

the passage from solid ice to liquid water, we not only 
serve this alteration in bulk, but we notice that a very 
Hharkable absorption, or disappearance of heat, occ 
This is rendered plain by the following simple experime: 
y P F alie temperatul 


t of water through j 
iBone said t0 be 79! 

h eCzES, OF 

essary ta, 

nnd is therefore “wal 


A similar_disapp on passing 

ved varie 

ists in 

f Glauber’s salt (sodium 

Whilst it remains 

d it at once 

es a solid 

into. the 

ure will be 

Jown below 

nce soicifie 

rises too? Ge 

tis found to contrad 

ing exception to the ffeneral law, thi 
n heated and contract on cooling; o® 
in : above 4”, however 
z when heated, and cole 

nthe expansion a 

y be expressed by saying that fl 
ity of water is 4° C that givens 
ill this temperature weigh more than{at aa 
the amount of contraction on healil 
‘but small (1 ne of water at 4° becom 
t 0’), it yet a most important inf 

economy. of Tf tweet nobel 


forming a 
s expand 


»_ expal 
This peculiarity 


tur 


EXPANSION 9F WATER,” 
y unimportant would be 
‘urope would in all probability b 

ind. In order better to under 

would be if w; 


ier obeyed the 
perform th 
water at a 
neter at the gageand 
+ Now bring the jar into 
iperature is below the freezing-point, 
the temperature at the top and hottane een 
Will be seen that at first the up 

ways indicates a higher temperature than the 
T @ short time both thermometers mark 4s 
t will be seen that the 
indicates a lower temperature 
ttom : hence we con- 
; ier than water at 4 
cooling ire of the top layer of 
‘water sinks to o°, after which a crust of ice is formed : bat if 
the mass of the water be sufficiently large, the temperature of 
water at the Tn nature 
nenon occurs in the freezing of 

urface-water is gra 
and thus becomin; 
and warmer w 
the tempera 
which the 
cooled, as it is 


we or bel 5 
ill the temperat 


a is never reduced below 
phenc 

lakes and rivers ;* the 
cold wind: 


precisely the 
wally cooled by 
heavier, sinks, whilst lighter 
ler rises to supply its place : this goes on till 
of the whole mass is reduced to 4°, after 
surface-water never sinks, however much it be 
always lighter than the deeper water at 4 
ly at the top, the mass of water re 

re of 4. Had water k 
as it cooled down to the freezing-point, a continual circula 
tion wo dept up until the whole ‘mass was cooled to 
ification of the whole would ensue. ‘Thus our 
lakes and rivers yould be converted into solid masses of icc, 
Which the summer's warmth would be quite insufficient 
thoroughly to melt ; hence the climate of our now temperate 
zone might approach in severity that of the Arctic regions, 
Sea-water docs not freeze en maste, owing to the great depth 
of the ocean, which prevents the whole from ever being 
cooled down’ to the freezi similarly, in England, 
Nery deep lakes never freeze, a3 the temperature of the whole 

Mass fever gets reduced to 4° C. 
Jn passing from the liquid to the gaseous stat 

HBits several interesting and important phenomena. 


Hence ice is formed 0 


t the ra ‘ome heavier 


©”, when 


water ex: 
In the 


The point of maxionam density i conyidetnbly lower thaa thax 


to boil, or 
gement of 


shen water is b 
sc 


assage {0 
In this passage 


this is we 


aving the temperature of 100% % 
it is then found that the whole 
or 0°187 kilo. of water in the form 


passed until th 
weighs 1187 kilos 
team at 100° has raised 1 kilo. of water from o” to 100 

1 kilo of steam at 100° would raise $96 kilos, of ice-cold 
hi through 1 Hence te 

6 thermal units, 
tes or passes into the gaseoe 
o much heat may be thus ai 
¢ made t 
A beautiful illustration of this i 

tons Cryc 


ater boils 


reeze by its OW 
free a 


I the water in 

nto a freezing mi 

it of water in this empty 
ity of water evapo. 
place of the con- 


ur of water, b 


d plu 


rapidly that 


a solid mass of ice 


by M, Carré, by means of which ice cones © 

cheaply prepared. This arrangement ¢ ns is simply of a 
powerfal  alt-pa 1s), and a reservoir (oy ce 
hygroscopic substance, such as’ strong seinin ge ay oe 
placing a botle of water ce with this apparat 


1 begins to boil 


Water, and even ice 


in.a room for some day 
dually evaporate, 
I tomperatur 


This power 
is called 
vapour; it may 
ity of water is placed above th 
ression which the tension 
pable of exerting upon the 
y). If we gradually heat the 
he barometer, we shall nc 
and when the 
to stand ame level as that in th 
that the elastic force of the vapour at that 
sure. Hence 
the 
psphi s less than 
water boils at a temy e 
the mean height of the baro 
t of water is g0"1 
tt 90" is equal to the pressure ¢ 
high. Founded on this prin: 
en constructed for determinin 
g the temperatures at which water boils, A 


wh 
the sea’s eve 


trument has 
y notici 
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5 fact consists in bojling 
Haste a i of which a. stopcock 
the stopcock is 

s soon as the 


fhe source of heat ; the 
and the flask removed from the source of TOA 


simple, experiment to illustrate 
ater in a g balar finsk into We expelled 
is fitted 

Seno ae oes et a ng tote Fe 
he ebullition Fecommences briskly, owing 10 1 
thaggrpestre consequent upon th ature of the wat 
the tensiof of the vapour at the temperature pressure. 

the flask being greater than the ivating ebullition ; but as 
° a sims are very diferent, th 


other liquids obey l 
sen iba a 
pets an Some ang it eands according (th 

reviously given for permanent. gases + but when water 
tw previa ge Fen mein 2nd enh 
the el stic force of the steam increas Ey 
ee afer ie per: sured on the air 
e nent, at different tempe 


DISTILLED WATER 


We now ste why the barometric height mus 
graduating a thermometer Ga eight must be 
from 760 mm. the:temperature ct the 
pressure will not be quite 100° C, "A metal we uncer that 
Employed, because it {6 fouer ace Rey ance 
boil at 109° in glass vessels, even though sce ae 
pressure be 760 mm., owing to sent! 
analogous to cohesion betwees the 
Pure water and ice, when seen ii’ Ig 
to possess a blue colou 
lakes of Switzerland. 


9 
noticed in 


if the height differ 
af the water boiling ede tet 


atmospheric 
moleculaisemrion 
ss and water. 
arge masse 

this is well seen in the glaciers and 


order to obtain pure water the 
chemist is obliged to dist river. or spring-water (that tag 


boil the water and collect thewater formed by the condevse. 

on of the steam thus produced), as all such water contains 
more or less solid matter in solution derived from the sens 
of the earth over which the water flows ; this dissolved card 


are found 


Solid matter 
fot rid of by the simpler process of 
h paper, sand, &c, An arrangement for 
mall scale, as used in laboratories, is seen 
glass retort in which the impure 
condenser, made of two 
urrent of cold water is made to 
lected in the flask placed 
Apparatus, Rain-water is the purest form 
in nature, but evert this contains impurities 
(ctived from the dust, &c. inthe air, an 
: e earth's surface than it dissolves some 
h it comes in contact, and, accordi 


of the ground over which it passe 
oF less impure, 


distillatio 


in Fig. 165 it consists of ag 
Water is placed, connected wi 
88 tubes, between which a 
The distilled water 


All fresh-water on the earth's surface has 


ugh barium di-oxi 


of d 


n or snow fi 


n the form 
with it 


wed out from 


into oxygen and 
n as water 


of hyde 


pnbined 


nce, if we represent water by the 


lly pre 

hlor 

n the barium 
nd barium cb 


prepared b 


aH 
db 


pas 


o, Tt 
acting 


sing Om 


uspended. in watel 


jum carbonate separates out as a white powder 
in water drogen di-oxide remains in slutio, 


Ba 0, + H,0 + CO, = Ba CO, + H, 0, 


The aqueous solution of the di-oxide is concentrated by 
allowing the water to evaporate under the receiver of wu aa, 
pump ; the liquid after a time becomes thick, bug ieeMihct 
be entirely freed from water, Hydrogen di-cxide is clney 
characterized by the ease with which it loses hat its oyuer’, 
this gas is slowly given off at 20°, but at 100" C. the even 
of oxygen becomes very rapid, In consequence of th 
readiness with which it gives off oxygen, hydrogen dvontd 
5 as a powerful bleaching agent, rapidly oxidizing and 
le colouring matter. A remarkable de 
when this substance is brought in contact 
with 020) nmon oxygen and water being produced. 
Another interesting reaction occurs when silver’ oxide ig 
brought together with hydrogen di-oxide ; as the silver oxide 
fo metallic silver, whilst water and common oxygen 
re formed 


Weight 1401, Density 14yo1—~ 

tate in the air, of which it consti- 

s combined in the bodies 

ants and animals, and in various chemical compounds, 


sucll as nitre, whence the gas derives its name (generator of 
It is Best obtained frotn the air by taking away the 
h it is mixed ; for this purpose we may burn 

Fiche tosPhorus in a bell-jar filled with air, the mouth. 
of which is placed in a vessel full of White fumes off 
Pentnbound of phosphorus and oxygen, called phosphorous 


Towoteides at first fill the jar, but these soon subside aml 
state Spit, the water, leaving’ the nitrogen in'a neatly jane 
sane-fitth of the original volume of the air, consicting 
of oxygen, will have disappeared. Nitrogen may also be 
Corsi YY passing air over redl-hot metalic copper which ¥ 
Ping hee the oxygen, forming solid copper mre, aad 


# the gascous nitrogen in a pure state. 


Nitrogen is also 
formed when a current of cid : 


brine is passed through an excess 
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fair being Vo). Tt de 
inert subst 


* cd for 
1 Barometer 
et the 
na of 
ing Weight, itis ae 
more compre 


a-level 
that 
1 than those 
ir must vary 
of the 
rarefied 

the aif 


by the ¢ 


sat We 
of ithe 
cht of one iter Of 


pecting the 
a chemical ‘cd 
= proportic 


and. nitre 


mn by volutr 


fill the 


n of the atmosphere we 
t place, that the air is a mixture, and 
npound of its constituent gases, although, 
occur throughout the atmosphere in 
The grounds for comipg 
if we br 


found in aitrno 

alteration in bulkoecurs (as ts 

Scombine), and yet the mature 

iy, thatthe’ relative 

are not those of ther 

mple multiples of these 

val the proportions 

ees not unfrequently 
nt from the ordinary one 

g proof, however, that air is nota chemical 

4 from ‘an experiment upon the solubility 

haken up with a small quantity 

alved by the water; this dis: 

in from the water by boiling, 

st of cygh 

of t and 187. Had 

t would be impossible to 

5 a whole id, on exa- 
in the same prope 

To 4.” This experiment 
2 mixture, large 

ved! than ‘corresponds to 


owing t gas being 


altho 
>is dil 


this 
determining the 
ed in the air, 

liometer ;* by ti 


best 
ns of which 
For this. purp 
that used in the 
7). A quantity 
full is introduc 
mercury; th 


GreweNTARY CHEN 
¢ of the milin 
off with a te nt isi ies 
eee nn of mercul tube 
ciety also read, 

now added as is me 


4 


+ divisions 


behbae with allt 
sor ei 1 through 


against 


ark is now Pa: 
n to prevent 
of the eudiomete 


thE 


the mercury in the trough. 

me is again determined as 

than that before the ex 

and part of the hydrogen 

ater; the diminu 
umes of these 

er, fron 

nposition of water, 

ith exactly 1 vol, of oxygen to form W 

d of the diminution in volume must represei 

ared, and, therefore, the volume 


ion, ther 
gases which have 
ats 

previous experime 
2 vols. of hyyrogeft 


wa EUDIOMETRIC 
of oxygen co 
make this 

to 100 vols, and that 


hen'we know the comp 
tive densities of th 
n.and 15°96 for oxy 
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ined in the air taken, 
arer. Suppose the v 
fier thi 
the mixture was 15 


An example may 
¢ of air taken amounted 
m_of hydrogen the 
after the explosion 


, 63 vols. had dis. 


Il be the volume of oxygen 


of the globe 
re have shown that the relative 
gen remain the same, or very 

r region the air may have 


in various part 


; the air be derived from 


ove the earth’s 
Is. of oxygen per 


tion of air by volume, and t 
nt gases (14°01 for nitro 
late its composit 


tin 100 grams of air 23‘14 grams 


by the air-g 
with ¢ 
ated to redn 

on with the en 
tubes filled with cau 
purpose of completely fr 
from carbo: 
slightly opened, and ai 
Purifiers into the hot tub 
oxygen by the hot metallic ¢ 
the ‘nitro; 


mer weighing give 

a lar, 

hows that 100 parts by weight of air contained 
nand 7 

two above: 

other important ec 


whilst the 
the nitrogen, The mean 
23 arg 

9 a 
MU Se 
aid 


Weight of oxyg 
jon to th 


and ammonia g 


wid and aqueous vap 
allowed to pass 


ams of nitrogen. It is 
riment ; for this 

ock is 

tube 


pper turn nished 


wei; 5 th 
ef and connected at 
at the other with a series of 

h and sulphuric acid, for the 

the air passing through th 

; the cocks are then 
lowly through the 


where it is completely deprived of 
pper, which 
passing on alone 


thereby oxidized ; 

After 
gain weighed, 
the quantity 
ht of the globe gives 
number of experiments 


7 of nitrogen 
mentioned gases, the air con- 
stituents, especially car 

We have 
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, tant part which the 
AE lays im the pnordna of 
pared with 


form their 


1 aspirator, which, by 
of water (rom th 
aasage of an equal 

two tubes farthest frat 

tone steeped in sulphuric acid 
in which the carbonic acid # 
tube nearest the aspirate 
jumice to avoid a loss 
in the bulbs, The guantitf 
ontained in the air in different ca 
circumstances varies considerably 0 
9,200 vols, of air. In houses and close 


COMPOSITION OF THE AIR. "7 
, the quantigilof carbonic acid present is 
, and the object of ventilation is to reduc 
arbonic acid to as low a point as possible. 

s for the estimation of carbonic acid are. de 

ained in the air in qu 
different time 

ution ; and w 

aid to be saturated wit 
the temperature of the air, 


ntities vary 
and depend. 


up this maximum 
mus vapour, ‘Th 
the more water can 
when air saturated with moisture is 
posited in the liquid form in very small 
rming a mist, fog, or cloud. ‘This is the cause of 
the fa n, snow, and hail; when warmair heavily laden 
with moisture from the ocean passes into a higher and colder 
it nects with a current of air of lowertemperatire, 
annot any longer retain so mu ‘cous vapour, and 
large quantity assumes the liquid form, falling a5 rain when 
the temperature is above the freezing-point, or crystallizing 
if the temperature be below that point, Hail 
the congelation of raindrops in hrough 
m_ of air bel ‘The quantity of 
- 


5 grams of water, 
ir be reduced to 0° C. it will 
then be capable of retaining only 5:4 grams of water vapour; 
hence 17°1 grams of w I be deposited as rain, The 
air in England is often saturated with moisture, whilst the 
rest air observed on the coast of the Red Sea during a 
imoom contaiged only one-fifteenth of the saturatin, 
quantity. Instrument the degree of mois- 
tare or humidity of the air are termed Ayeromerers. 

The deposition ‘of dew is caused by the rapid cooling of 
the earth's surface by radiation after sunset, and by the 
tempatent cooling of the air near the ground belaw the 
vemperature at which it begins to deposit moisture. 

mpunt of aqueous vapour contained in the air at any 
lermined by the apparatus used for the esti 

the carbonic acid, for the moisture must be 
from the air Wefore the carbonic acid can be aly 
erease in weight of the tubes filled with 

tened with sulphuric acid gives the weight 

In general the air contains from 50 to 


$ vapour 
d, the water is 


as snow-flake 


and if the temperature of thi 


time can be det 

Mmation of 

Femoveg 
ed,Zand the in 
fee-stone 1 


bs ne sp ae re al ther unpleas- 
anthy dry OF Finportant © 
ay nd of nitr 


onstituent of hydrogen, and only 
a angles (about T part 
ays a very important 
hat vegetables obtain 
ower 0 ilating 
‘Other substances which 
herein very, Amongst thet, ¥ 
a partie rrobably inducncing 
nost importrthe special situation. We 
pousicedy 


fn comparati 

igorjsce of an mm this au 
iss mainly ow" need to form tl 
ms which they neod 10 

ag atmosphere 


the ite 
appeats that p 
pit appeats the 


ess of the spec 


extent the uch oF 
toa great exte e of su 


Sars Sanh aieus binge meathies ot 
ey , SSS ee possess but little 
air of towns and 
fetigipositibn, by thé Grint 
saPnotlcaow Soy ie is forte 

the discharge of atmospheric 


eerain knowl 
matter, & 


electricity 


ITH OXYGEN. 


with five distinct chet 
n, vi 


of nitrogen with ox 


1 Mirren Tetra 
Mirsere Pack 
Ic will be seen that zen contained in these com 
Pounds is in the propdstion of the numbers 1, 2, 3, 4 Seat 
ne and the same quantity of nitrogen ; and here, inet 
me, we meet witha striking example of the Jaw of tt 


numbers ra and 16 are berth 


the euenbining weights 


DALTON’S ATOMIC THEORY» 
’ 
multiple proportion 


Thus, w 
bined with 16 parts o 


Parts 
hat any other com. 
me simple multiple 
ther 2 "16, 16, 


pro) S Was first enunciagedl ty 

expression of wells ee 
inental facts, p.cadleavoured to explain these facts by 
the clement Alemic Theory, We asked himself, Wee 3 
the element only in multiples of their seven? 


Z and he answered the question by 


Matter is made up ble portions, which are 
called Atoms (é p Tcut). These atoms do 
not all possess the same wei t the relation between 
their welght i represented eset hining weights 

is taken to be 16 
» and the weights of 
further 


ombinat 

1 atom: 

assumptions, hew, 

unds must contain th in the combining 


Proportions, or in Thultipl. and in no intermediat 
Proportion. Let us take, for example 


nitrogen and oxygen; the 

single atom of oxygen co 
one double stom of ni 

oxygen 


5 the compounds of 
pwrest of these consists of one 
with 2 atoms of nitrogen, of 
gen, as it contains 16 parts of 
of nitrogen ; thus, (N)(N)(O) 5 and we there 
re-write its formula, Ny 0, andcall ie nitrogen: mon-oxide, 
the ada, that can be-formed must be prog oi 
2, te addition of another atom of sey this; thus 
Kate CMX AXON 0) me Ny On OF nitrogen dioxide, ‘The 
Of ast be formed by ‘the attachment of another atom 
of oxygen, and thus we get lOO00) O)= Ny 0,, 0 
MivOgen tticoxide. The next pos Ig compound is 
DOD00D) 
niprdeen tote oaiah 


spEMENTARY CHEMISTRY ESSON y COMBINING VOLUMES OF ¢ 


n atom being 
formed. In 
mber that 


ia Sex n, under thy 


si : 
Se Tage Peper ia apmer ERS 

— a of a’ compound gas occupies the space 2%, 
oho : h the | of hydrogen.* 

of separate thi 


ts we shall do. 1401 x00 


compound c a group 


roUup dan it is 
ple by mechanical forces, but can be # 8498, that is, it is about nin 
by chentical means, 

Separated into its £2 atoms of hydrogen 
Thus, the molecule of wat fonaie weghieal 
Mer wap | that of 


Thus the density of water-gas, or steam, H,0, 


times h 
the density of hydrochloric acid, HCI 


Hence the weights of 1 liter of CSE 
; > ato*Cand 760mm) are as f 
: a the mes of coset 1 liter of steam 


one, inasmuch demnents » hydrochloric acia 


carbonic acid 
‘The symbol for water, H,0, ¢ 
are} that it is composed J 


weighs “88xo- 
18:18x 

5 21'94X0°! 

herefore, not on! 


h 2 patts by weight of hyde 
x than hydrogeaal] 1596 of oxygen, but also that 2 volumes, of Wifes 


weight of nitrogen are allel) shied with ¥ volume of oxygen to fon 
yor times heavier ghan hydrogens) "Molecule of water as. ‘Tite sent ot AS 
is'38'9, that of sulpar vapour 31@%)] 3 volumes of Pct, oS and’ volume vf 

Remembering this fact, it is eqsy to caleulate ‘ited to form 2 yolumes, 


absolute weight of a given volume—say one liter of the) the symbol H Cf 


den 
of ‘nite ¢ 
ule) of ammonia, while 
the sy 2 volumes of hydrochl 
erent gases—-when we know that one liter of hydndges] %H g2s contain 1 volume of chinr drogtn: 
h and temperature weighs OOM | ae 8 P weight ef ie 

se weight of 


shows 


a ey lobe ts; f found by ¢ 
cjound gave oF vai 
2 Tpalves of the on 
rors of these nami 
as of phe once 
reat av that rewired ge > NArOgen 


ol * Th exe 


30, consisti 
n to. 16 of oxy 


mula must, therefore, be 


wd oxygen do not readily. combiry toy 


he several coin 


——— =~ 


IstRY 8 - SOURCES OF NITRIC AcID, « 
ELEMENTARY CHEMISTRY: i ‘ 
siete d, or Hydrogen Nitrate, 
Weight 62°89—Nitre, 
a med by the 
us animal matter in presence 
er, especially the 


or pota 
gradual oxidati 


ith ait is For this reason, watel 
beefiled win es of W iets dis ning nitrates for drinking purposes,” P 
‘be passed through the air. | Ales portion of the salty 
nitrogen have united to (orm ye easily rece id. sodium Na NOs or Chili saltpetre, ig 
h brown colour, which Ty chind the glol z b st nd Peru. Nitric 
a sh sulphuric acid, 
When nitric acid, HNO, ait 
HKSO,, are formed. "4 
‘fected may serve as.a type of a vers 
of chemical chan; ses classed as double decoy, 
Archaong: hese may all be represented as constant 
faahange between two elements, or groups eT een 
sulphate. .ca8e In question, one ator of ehe hyd ences 
sulphuric acid changes place with one mec 
of potassium in the nitre. ‘These eter 
Side spreptesented in the form of an equation, tenho 
y arrangement and relative weights et ee 
mbinat her the arrangement aml 
weights of the nents after the chemical 
of liberating | Change hi place, t 
the paper dipped is 4 = HNO, + HK So, 
15) becomes Acid € Hydrogen Pox 
x through whieh | The relative and compounds ent 
: mee “gh hb into the A Deaton 
alkali, stich as pe tained when 
h which the Sparks arc passe ot merely the 
"ait; OC potanatioes nite: ocean Cth pibut’ weight with which ie 
compound, called nittic ncid, weight of a compound is 
ubstance is formed when Kashani ig f its constituents, The 
air, being aed onside “ ee bee the nearest 
patie wie Sar 
mn per Ce pared from. ity ‘HN OH K so, 


THM 143943346 + 
4 


: und in lange 
of white ie a 


or hydr 


decompositions 


ium Sulphate, 
ering 
nature 


d 


© double decompositions perhaps 
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nore clearly if we 
2 of hydrog 


n Lor pot 


Gx 50, 
E) NO. 
Y 
ht line, thus— 
H] SO, 


136 parts of hy 
ing these numb 


ric a 
I weights 0 alph 


brougl 
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4 line 


by we 
parts c 


we shall haye 


ned. Know 


portions of 
ivep quantity of nitrie 


ona small scale by placing about 


acid in a stopperel 
n's burner, asi 


ders, into’ which OE 
the’ nitric agid bell 


represented by the fotmel 


weaker 
he ordinary 


acid is found at last to 


a’ stronger cid’ than 
d with’ more watgr, a weaker 
composition {s attained 

t. of oxygen, with some 
strong oxidizing 
mall quantity. of 
uted with a little 
iven off, and the metals 
ic acid bleaches indigo 
re destroying, the colouring 
formation of red fumes. in 
modes of detect 
the most delicate 
liquid to be tested 

id, well cooling 
ing on to its surface 


sulphuri he mix 


a solution of 
roduced where 
id be present. 

by the process of 
of salts called 
and many of 

r various purposes, ‘They 

the first example of a series of 

known is. Most 
; they pe 
arning blue 


luble in wate 


all acids 

ust; These 
er, H}.0, in which part ofthe 
nat group of atom 


Pa We fo. When the rest 


be regarded as 
drogen is replaced t 


of a hy. 


Instance 


tht ox ; thus 
nay be represente 

droge 
when 


of an acid is replaced by a metal, as for 


Sulphuric acid aets upon zinc, the acid 


duced when certain hyd 
tact with acids ; tl 
ught into conta 

sium hydroxide (caustic potash 

the metal potassium on water, i 
properties of the hydroxide 
hhitne acid d sappear ata 
lution becomes 1 bat i,t dose 


which th 
lution 
dba 
s silver 


of nitrogen can 


y from pure nitricacid by garefully adding 


to it phosphorus pentoxide, which takes away one molecule 
f water rom two of itt¢ acd, as 
Z 2 0, + H, 0. . 
nod of preparing this substance is to pass dey 
conc et nitrate ; silver chloride ‘e forme 
m iz given of and white, crystalline substance pm 
duced, which on analy > be nitrogen pentonide 
on takes place in two stages, in th - 
ed. nitrosyl chloride, NO, Cl (see page 


oxide melts at + 30° and. boils 
decomposition, and uni 
mposition of ‘nitrogen pentdeide Ys 
nted by the formula NO; may be ascergtined exe 
mining th y of nitrogen contained 
S of nitrogen pentoxide, which is first convention 
by the aid of water as above, and then inc 
nt witl#lead oxide, thus 
NO; H = Pb 2 NG, + 10. 
The nitrogen in the lead nitrate weiglts 25 
hence the oxygen 100~25'99, or 74°01 parts, Wh 
to know what is the simplest relation in which thee 
weights of nitrogen and oxygen are contained in thiy oo 
Pound ; in other words, what is the ratio of the uumbornt 
* of nitrogen present to the number of those of oxpnece 
his is ascertained by dividing the above numbers betes 
Tespective combining weights of these two elements; thie” 


parts, and 
then’ wish 


e number of atoms of nitrogen present 
toms of oxygen is that of the numbers 
# ar that of 2 to 4°99, Hence we concle 

® exact relation between the number of atoms af 

nitrogen and pectively is that of 2 to §, the slight 

differen wed being due to the tnavoidable 

theertbich aEcompany every experimental inquiry, weak ee 

OE cefOre, termed errors of experiment. All the oikenn inet 

of nitrogen may be obtained from nitric acid he depriving it 
oF its hydrogen, and more oF less of its ox 


NOs § 


The = 
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Monoxie, or 


to, ina dask 
fen, and is best c 
alt decompose 
NH,NO: 


e in cold water, on 
solving 1°305 volumes 0 


d, inasmuch as it liquefies when exp 


nder a press 


cooled down 


jour 
at o° C 


Density 2 
NH, NO, or 
the production o 
Fig. 21 

noxide and 


assessing a slightly sweet taste 5 it 
in culd. water, one volume of water a 
s, whilst one volume of 
lume. Nitrogen mote 
h we have previously 
wed cither 19 

Thus, ifit 

atmospheres at Gy 
ordinary pressut 
Tiquid {in other words, the tention 
oF gas is 1 atmosphere at — 97, amb 
IF this liquid be cooled below — 15 


of about 
to — 99° under thi 


wud NITROU 
it solidifies to a transparent ma 
of this liquid in a va e lon 
hither m has been attained, viz. about — 140° € 
glowing chip of wood when plunged into nitrous oxide 
and the wood continues to burn witha brigl 
air, whilst phosphorus on bur 
as much light as in pure oxygen ; 
flame of however, extinguished on bringingsit ineo 
this gas, but if burning strongly it also continuls to burn 
brightly the fact that the gas hag to be 
decomposed into nitrogen (1 volume) and oxygen (half a 
€) bafore nin it; and to effect this d 
on a tolerably high temperature is necessary,—the 
ts of combustion’ are produced as if the com 
a the When inhaled, nitrous. oxide 
xluces a peculiar intoxicating effect on the human frame 


evaporation 
temperature 


88. ‘The composition 
s oxide may be determined as follows: a bent tube 
i; 22) is Ged with the dry gas over mercury up to a 
getain akon the tabs seal eee eR tt 
having been previously introduced into the bent. part of th 

jibe; this is then heated by a spirit lamp, of 
burner, while the open end of the tube isc 
thumb under the mereury, to prevent a loss of 

y” the combu 


sed with the 
as by sudden 
ion. ‘The potassium burns 
jsuniting. with the oxygen to form solid potassium 
¢ the nitrogen remains ip the tube. On removing 

nd allowing the tube to cool, it will be seen thet 
Saume of nitrogen is exactly the s, 
3 hence this 

But we know 
the g 


me as the volume of 
‘ 8 contains its own volume 
one volume of 


by experiment that the weight of 


S18 21°99, so that if we subtract from 
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f one voliime of nitrogen (viz, 14°01) we 
‘reight of oxygen (7°98) contain ‘8 ong 


ide is 14°98, the 
is 1498 
hing 1401, 

43°98 parts by weig] 


in accordance 
mand 13-96 of oxygen, and its formula is t 51, respecting the densities of 


avity of nitrous is 1527 of this oxide should be N O. 
ee mmncibcerariy of sion oxide : hysical properties of the way bene, 
9300 gbe. at o° and 760 n ig se of nit seem to indicate that 
ated constitutions thus nitric 
nin the liquid form, and does 
ie 4 Di cond a d at temperatures and pressures at 
Aolec s With ti liquefies ; nitric oxide is de- 
Re obeakied bys S gas and ter difficulty by heat than nitrous oxide, 

The arranges ; therefore supports combustion less easily ; and it 

ecting ft over water are shown fn : law that in a series of similar bodies the more xx 
NO + the constitution of one member, the more readily 
nitrogen dioxide, s lense to the liquid form, and the more easily doce 


3 Cu SHNO, = 3 (Cu 


ide (air = 1) is 17038, and 
> mm. weigh 1°343 g 


oxygen, and cooling the 

tetrox ind drying the ¢ ate over calcium chloride, 
is also formed by the action of moderately strong nitric acid 
: . ae “pon arsenic tioxide, w rmation of arsenic d, thus ; 

contact mh open i eobines eae ue A hide AeO,+2HNO, +2 H,0 = N,0, 4 2 11,40, 
gas, forming red fuines, which are readily soluble in wat Arsenic trioxide, 
roperty it may be distinguished from all othe > and arsenic sa 

‘Alfough ‘sittic onlde coma poy or a one 

oxygen, and more oxygen in proportion by weight thaft Nitrous Acid, 
us oxide, it does not easily support combustion, as it Nitrogen 
a high temperature for its decomposition ; thus blue liquid, 

r orus, unless burning very brightly, is HNc 


nitric acid and water yield nitrogen trioxide 


trioxide dissowves in ice-cold water, f 
and containing nit 
a» in’ sol z 


rming a 
rous Acid or hydrogen nitt 
anging ie fale niet eat ee e js compound is very unstable, and 
ion of this gas may he determined accecding Water is warmed into nitric acid and 
described ander ohne nae one zane 


n dioxid ds half a volume of nitrogens, d 1NO,+2NO 4 H,O. 


a 


see 
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, however, not liable 
am nitrite, KNO, is 
e, K NOs which loses 
produced when nitro- 
potash, thus : 


one atom of oxys 
ci into a solution of 
Nit 
Ammonia. 
‘This sub: 
of ai 
hydro; 
temperal 


stands ites in tne same 
to the nitrates. It will be 
alts called nitrate, whist 
= to nitrites; this is an example of a 

gives rise to reat nomenclature that if the > 
sean acid or liydrogen salt end in “ous,” the 
pon salts end in “ite, 
mes end in form salts ending 


nitrogen trioxid 


acid forms 


metallic 


been obtained which 

does to nitrogen 

he name of Ayponitrous acid 

HNO; it is, however, not 

, although its sodium com: 

by the action of sodium 
m ni 


| NaNO c 


amalgam on a Ke 


1 by heating lead yitrate, 
nd nitrogen tetroxide are 
thus = 


t prepar 
oxide, oxygen, 
omposition of the nitrat 
Pb2 NO,) = 2 PbO +4NO, +0, 
at — 9° to long prism 
1d 'a yellow liquid, boiling at 22". Owing | 
density of nitrogen tetroxide is 22°9% 
d to be NO, and not N,Oy J 
gether with chlorite 
1 chloride NOC 
boils at — 5 Ny 


was 


tetroxide, NOy solidif oan 
frm the 
in close’ yess 
hydrogen of 
cdo tis 
When the sal 


i glass tube nitro 
Thisis a yellow liquid which 


first prepared by the Arabs 

temple bf 

1, the dried excrement of’ sca 
likewise contain lange quanti 

nd its compounds are n 


SOURCES OF AMMONIA. 


NITROGEN AND HYDROGEN. 


mpesition? 


Hy under the influcnce cf nero aay 
Hppings of hides, or coal is heated, am. 
c name ammonia is derived from the fact 


1 


| 
ain 


tani 
med either graduall 


the deserts of Libya, near 


Jupiter Ammon, by heating 


camels’ dung. 

id the urine 

quantities of ammonia, Am- 
, however, mainly c 

the gasworks : ¢ 

t of nitrogen, which, when the co: 

els, mostly c 


iacal liquors IL cont 
I is heated 
with the 
id is 
rated, 


nes off in combinat 
the coal as ammonia, Hydrochloric 
ainmoniacal liquor, and the soluti 
mmoniac of commerce is obtained, 
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Ammonia may also be for 
‘on dilute Paced 


N. 


aonia gas is best prepared by 
part by. weight of sal-ammoniac, 
Shlontte, NH, HCloc NH 
weight of powdered quicklin 
Here occurs represented by th 


CaO + 2 NH, HCl = CaCl, + 2NH; + 1,0, 


ia hydro. 
ind an excess, or two parts by 

T position which 
¢ following equa 


Quicklime and sal-ammoniac give calcium chloride, aim 


a and water. 
al gasis colourless, 


cl; itis lighter than air, 
9, and it may be collected by displ 
intended to receive the gas being tun 
. Accylinder filled with quicklime ¥ 
Placed between the flask and the bottle for the put 


* the alkali-metals 


aanronta 
layer of p 
» be collected over mercury, es 


in this Tiguid, one presser 
Presse of 760mm, ; whist oy on 

ure. The schition of ee 

auor ammonie df the son 
bout 0-880, Ammonia ere? 

a strong. alain 


the most powefful acids, forming compounds called the salt 
anmonia (seep. 178), which closely resemble the salts of 
i hence’ the name of the volatile alkali has 
heen given to ammonia. The action 
nitric acid may be thus represented 


NH, + NO,H = NH,NO,; or 


HuexPostre to a pressure of sevtn atmospheres at the 
erdinary temperature of the ait (about 15° C.), ammonia 
Fontenees to a colourless liquid, boiling at— 38's"; and this 
Hate iE cooled below—75% freeces toa. transparent solid. 
tape ieant application of the principle of the latent heat of 

memes recently been made in the case of ammonia in 


NH} o. 


NOs 


hag 
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e, Fig. 26. This ts essen. 


M. Carré’s freezing ma a perfectly 


mn vessels connected 

ey aqueous solution of ammonia saturated 

“\ Iesired to procure ice, the vessel A con. 

When it is desired to procter erm the retort 

y son as the pressure amounts to about 10 atmo. 

erent vises in the liquid form. When the greater 

nia by t and a consequent 

evaporation by an absorption of heat which 
duced around it, 


a series 


maining the ammonia 5 
js gendually heated 0 


fare of the gas 
‘apparatus is revefsed, the ret 
apeaid water, whist the liga 
fh the fnterioe of the recelv i 

soe ater now takes. place 


evaporation is accompani 
becomes latent in the gas ; hence the rec 
far below the freezing point, and ice is pro 
sinposition of ammonia may t 
Lhot tube, or pas: 
ras, when it will be decom: 
which will be found to 
lange as the ammonia 
proportions of tlirce volumes 
of nitrogen. ‘That this is the 
case may | ed gases with § of 
thei vl bergen of 
unite to forth water, and pure nitrogen will be left 
formula NH, is given to the gas. Another plan to exhibit 
presence of hydrogen is to apply a light to the end of 
red-hot tube through’ which the ammonia is passed ; the 
hydrogen which is thus set free takes fire and burns with 
formation of water. Pure nitrogen may be obtained from 
the mixed gases by passing them over red-hot oxide of coppet 
hen water is formed, and the remaining nitrogen gas ™aY 
be collected over the pneumatic trough, 
The salts of ammonia will be described together with those 
ff potassium and sodium (page 178). The compound ait 
monias will be noticed under Organic Chemistry 
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LESSON VIII. 
carnon 
ing Weight 11°97—Caxbon ig the frst 


solid element which we have to notice ; it is not “known in 
» either asa liquid or as a gas Carbo 


ward appearan 
common, whilst their che 
Graphite or 


in hardness, c 


Diamond, (2) 
al : these substances differ 
ravity, &c., but they each yield 
in the air or oxygen the same weight of the 
carbonic acid, or carbon dioxide ;* 11°97 
ch of these forms of carbon yielding 
of catbon dioxide, Carbon is the ele 
y characteristic of animal and vegetable ® 
anized structure, from the simplest to the 
rbon: if carbon were not 
able or animal body 
to the carbon which 
these three forms, and that contained com 
nd oxygen in the bodies of plants and 
ed with oxygen as free carbon di 
n and oxygen as calciui 
lk, marble, corals, shells, &c. 
has already been noticed that plants are able, when 
exposed to sunlight, to decompose the carbon dioxide in the 
ait, liberating*the oxygen, and taking the carbon for the 
formation of their vegetable structure ; whilst all. animals, 
living directly or indirectly upon. vegetables, absorb oxygen, 
and evolve carbon dioxide. ‘Thus the sun’s rays, through 
the medium of plants, effect deoxidation or reduction, while 
animals act as oxidizing agents with respect to carbon 
The element carbon not only combines directly with 
Sxygen, but also with hydrogen, forming a compound. called 
acetylene, CH. Carbon forms with oxygen, hydrogen, and 
nitrogen, a Series of more or less complicated compounds 
ded so lung ty a few wn 


wen, such as carton dionice, fe., that th 
known by the names carbosie ahi 


very mucl ; 

element 
considered asa separate bran 
of OF Chem 


Jy more extended than the seri 


med with these 
> that these compounds are 


The properties of the m 
‘vill be examined in a subsequent cl 


glesity ; hence 


till then it will be 


Wiation of several of the proper 


was first f 


ing the carbon dioxide 
in sedimentary rocks 

» the Cape, and 

s (Fig. 

n from 


belonging to the regular 


161). The spe gravity of diamond v 
> is the hardest of all known bodice 
es a brilliant lustre, and a high refractive power. 


{dition to its employment as a gi 


for cutting and writing upon 


ainted with the mode in. whi 
ed: it cannot, however, have 
ature, because, when heated strongly 

ipable of acting chemically upon 

a averted into a black mass resembling 


"Graphite, oc Plumb 


no relation to the form in whic 


ies, Graphite oc 


m of Crystallography (see P 
arcs from. 334 
and when eit 
In 
m, the diamond is 
ass, We are altogether ut 
nh the diamond has beet 
en produced at a high 
it, the diamond swell 
cok 
rystallizes in six-sided. plat 
5 fh the .ddiamor 


in the oldest 


foomations, and in granitic or primitive 


Borrowdale in Cumberland, 


nd in large quantities in S 


| 


a 


It has a black 
plack lead), 
he sp 


vk when, drawn 
by heating the powdss 
ongly, decomposes, 


0 for giving 

ins of gunpowder. Graphite is 

in; it occasionally separates 
form of scales, ; 

ic modification of carbon. It 

s pure state whenever animal or 

redness in a vessel nearly 

winds of carbon, hydro- 

ind the residue of the 

ash or mineral portion of the 


carbon is found in lamp. 

reoal, coal, coke, and 

arbun does not crystallize, 

phous carbon : it is much lighter 

two forms, the specific gravity of 

om 16 t Charcoal appears at 

an water, as a piece of it floats on 
this is, however, due to the porou 

if it be powdered it sinks 

sais porous nature of charcoal 

t to exert a remarkable absorptive power, of which 

much use is made inthe arts, Charcoal is thus able 10 

es its own Volume of ammonia gas, 

mes of oxygen. In the process of sugar 

of the property of charcoal to absorb 

8p in the raw sugar: the kind of 

to this purpose is that obtained by heat 

ina closed vessel, Charcoal is also used as a 

disinfectant in hospitals and dissecting rooms, &c. It 

pears that the putrefactive gases When absorbed by the 
tarcoaluncergo a gradual oxidation from contact with th 

xygen Gf the air taken up by the charcoal, and are thus 
rendered harmless, JD 

1 is a form of carbon less pure than wood charcoal. It 

ts of the remains of a vegetable world which once 


” 
and oxy; 
. ‘There are many different kins 
Ee ee oe here ygen and hydrogen 
S aatcrgone in posing tno th 


ted to 
by w 


less of the o 
Aaa Pe cankel coal and 
reSeoa which wood fi 


arious forms of coal is seen frot 


s of Fuels (a 


COMPOUNDS OF CARBON WITH OR¥GEN 


Carbon forms two compounds with oxygen, viz 


Carton Monoxide, or CO. 
Carbon Dioxide, or CO 


(commonly called Carbonic Acid) 


Molecular Weight 4389, Density 2V08— 
alway, fore wken earbon four 
excess of air or oxygen. It is best prepared by act 
marble, chalk, or other form of calcium eaigbonate, 
hydrochloric acid. On pouring some of this ac 


Carbon Di 
bol CO, 


thon dioxide i 


CARBONIC ACID. é 


tained togéther with som: 


i i water ina 
sk, a rapid effervescence from the disengagement of carbon 
dioxide gas at once occurs, calcium chloride, being leh 
beh tion in the flask. Fi shows the mode of 
x as by displace he air, The de 


Cl = CO, + H,0 + Ca Ch, = 


Calcium carbonate and hydrochloric acid give carbon 
dioxide, water, and calcium chloride . 

on dioxide occurs free in the air, and in the water of 

mineral springs. ‘The quantity of this gas present ia 

the air is nearly constant, and amounts to about ¢ volume 

per 10,000 of air: this quantit}, though relatively small, ts, 


together, very lar 
as-can be easily calculated if we know the weight of 

the atmosphere and the density of carbonic acid. 
Its also evdlved in very large quantities from the craters 
of active volcanoes, as well as from fissures in the districts of 

inet volcanic action, 

ving to the evolution of carbon dioxide in respiration 
And in the burning of coal-gas, &c., this gas is always found 
in larger quantit ns than in the open air. 
When the m contains o-10 per cent. of this ga 
continued respiration, not only on ac. 
effects produced by’ carbon dioxide, 
together with this gas, volatile putrescible 
g given off from the skin and lungs of animals, and 
nce the néeessity for attention to the ventilation of dwelling. 


g about 3 billions of tons in 


s form, that 
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d deposited in 
be collected by 
0a thin brass box 


ide thus obtained is a 


condi 
of theg 


between the fingers 
the substanc 


s in contact with the 


a sharp pain will be fe 


like one pro 


arbon dioxide produced 
apparatus for the synthesis 
Hy e represented if 
The weed 38 

ect ae, wih 
‘One end of this tube 
A drying tubes, A, By © Le: 
a gas is supplied. 7 


DIAMONt as 
n, with a number of tubs 

he carbon dioxide formed by 

and the bulbs E_ contain a 

d the other tubes F are filled 

Iphuric acid. The bulbs and tubes 

the apparatus is filled with 

ly Drought to a red heat 

through the system of tybes, and 
carbon dioxide formed by the com: 

the gas is wholly absorbed by th 
and bulbs, whilst moisture whic 


of t f the diam 
tity of ash, or 
uubtracted from 
that we may 


which can be 
and thus the 
1 that mt 


complete c on of the 
d through the potash 

er oxide. In 

arbon dioxide 


Carbon di 
27 by the combining we 


e have 277 


the relation between the num 


bon dioxide, oc 4 volume 


76 + ELEMENTARY CHEM 


occupied by 2 parts ain 32 parts 
by weight of oxygen, 
to that of 2 parts of hydr 
be experimentally proved b 
volume of oxygen in excess, when it is obse 

s has cooled after the combustion, no Dina 
hence the volume of carbon dioxid 


ume has occurred 


J must be precisely equal to that of the oxygen used 
in its fortnation. 


LESSON IX. 


Carbon Me 
Symbol CO, Mole 

When carbon’ burns with 

bonic oxide is formed, 
dinary red-hot coal fire 


a 

ated to redn a tube by n 
ented in F it may likewise be 
ate from several compounds of 
ystallized oxalic acid be heated with 

xture of equal vol 
and carbon dioxide gases is 

“d from the 


of a. furnace 
tained in 


Shaking the 
n, when sodium carbo 
volume’ of the gas will dis 

inder will be found to be pure carbon 
ampesition of oxalic acid results from 

Iphuric acid has a strong tendency to abstract 
elements of water, from the bodies with which 
contact : thus the oxalic acid, which may be 
0, (see p. 313), being deprived of the 


ken up by 
d CO. 
formic 
removed, ‘and 


gas, which has 

lighter than air, 

but Very slightly 
produc 


mall quantities, the fatal 


When hea 
fire, burning 


oxide takes 
t blue flame and 

ntact with caustic potash at 
es potassium 


with a ch: 
ming carbon dioxide 
a high temperature 
mate, thus 


carbon monoxide pre 


Hy 

Ki 
potash and carbon 
Carbon 1 


0 + CO = CHKo. 


absorbed by a 
Cig Cly and this serves as 
f this ga: 


csi potassium 


This 
wa under 


Ho § 
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nsed (0 a 


um acetate 


lo+ 


Y CHEMIS MARSIT Gas. 


d by the direct union of it 
tur 


elements, 
bon 
passed over 


CH, + 4 Cu 5. 


Marsh 


i with g Taited 
ngst Which jj 


If mixed with ten air, 


ib 


the direct unic 
For 
ic battery 
hydrogen. At th 
union of carbon and 
Acetylene is 
flames 
ar odour : it is, 
and its 


eatbon and hy b 
Purpose the carbon te 

are brought together 
high temperature thus ev 
hydrogen takes place, a 

A colourless gas, which burns 

and possesses a disagreeable 

Produced in all cases of 

smell may be noticed when a 
fame. Acetylene combi 


Density 7°98: 
fh has not 
ines, and 

it also sin St 
‘composition of dead 
of the ca 
ved in_ many vole 
X ured bY 
artificially preps 
with caustic soda, this 


with 


with a 


h 


ndle bu 
es with certain me 
Copper and silver ; and the compounds thus formed arc 
itguishad by the case with which they undergo explosive 
decomposition. ‘This gas likewise directly with 
Widrogen, forming the next substan th 


C,H, + Hy=¢ 


H Nay} 
af cos 


0, + CHe 
arvont 


d caustic so solium 
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When 


the coal in arg 


der to prepare 


f which are useful for 
t some are hurtful and 
which barn with a 
drocarbons 
nd C, H, 
that of 
erve to dilute these 
ninous b hemselves with non 
s flames, a, oxide, and marsh 
tt of carbon dioxide, hydrogen 

ed hydrogen), and the vapour of cart 
substances are almost always with 
by a system of purification before it i 
m the gasworks. The relative proportion of the 
present in coal gas varies greatly according 
kind of coal employed, and according to the heat 
al is subjected. This is scen from the following 
h the composition of a gas made from common 

made from cannel, is 


ue of coal.gas, as regards its illuminating powe 
ained by comparing the 1 iven off by the 
burning at a certain rate, 


coal gas to be 


on the natur - 

tine, and the principle of the Davy lamp. Flame 
Sof gas in a high state of ignition. When a yet ot 
B hydrogen—ts—ptangett into oxygen, the flame o 


of the particl 
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to. proceed 
the srmall unset 
cboratories. Inthit 
from a small centtal 
) draws ait UP 


1 ia pointed ae 


allze, an 


bi 


be, where it 
c, where it 
fame 


ime will continue ame 
a piece of w 
eto & piece of auze containin 
and the gleg, ER the be eld 
ble to remove the 
nd. yet the inflammati 
¢ burning only above 
emperature of 
rise to i 
made use of by 
P for"coal mines, It’ 
l the prod 
Pro 


ut no flame can pa 
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outside of the gauze; and*hence, even if the lan 
in a most inflammable mixture of fredorr 
ignition is possible; although th 

ead burn inside the gauze, It is, however, 


of which we shall have to 


don a lamge scale for 


of potash (see . 


hydrochloric 


¢ acid in a retort, Hydro 
over, leaving potassium 


haken up with mercury 
hydrocyanic ‘acid is replacrd 
N, is formed, 
form of white 


iphide being formed, 


icated natur P they iS = 2HCN + Hes, 
completely i 
Chemistry de an tted hydre 
prepared is a volatil 


wen yield hydro. 


a vole, ong 
-Catbon and. ch s kag n, drop of the pure acid bein suit 


K,CO, + N, + 4¢ mels sta ; 


almonds, and 


in the kernels and leaves of man 


mber of 

which contain the of (oes 

aracteristic and peculiar properties st : G28 by nenang 

the name Cyanogen is given, from its forming a ano * 
ue, and yond I produce). CYAN 


cN) 

CN }3¢aN be easily obtained 

by heating me j 

ting mercury cyanide, It is best 
Isto form cyanides, and if t liquid wher 1h pressure 

otis dmeel a lo a ae avid when exposed to a pr 

s inflammable, andl bn 


ame, forming carbon dioxide, 


nber of compounds, some of 
sm of a very and connected with 
arbon comp 


We now pass to 
which resemble each oth 
marked and_ active 
to d Fluorine 


Symbol Cl, Aton 

was discovered in tl 

occur free in nature, 
mpounds, is f 

chlorides ; of ¢ 

most co! 

heated with sulphur 


2 Na Cl +2 SO,H, + Mao, 
= 2 Cl + Na,S0,+ Mn SO, 


Sodium chi sulphur 
wulphate, tn: 


by weight of salt to on 
dioxide be mixed with two par 
of water, and the mixture br into a i 
off regularly upon thi 
very slight heat : in order to obtain the gas pu 
passed through the water contained in a wash-bottle beforeit 
ed for use. Chlorine isa green-yellow gas, whence 
(qrepés), possessing a most disagreeable and 
ich, when the gas is present in small traces 
bles that of seaweed, but when present 
itities acts as a violent irritant, producing inflammation 
of the mucous men and even causing death whe 
Chlorine gas when submitted to a pressure 0 
atmospheres at the ordinary temperature is condense! 
heavy yellow liquid, but it has not yet ¥ e 
cannot be collected over water or merce! 


fre 


‘Here the chlo 
d the 
natters, forn 
xygen ha 
extent jane 
ies when in the 
the fact that the 
dual atom: 
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a group of atoms. ‘The rfolecule of a compound body con- 
far atoms, whil 
afte tuo or more dissimilar ato 
tains simpilar atoms. Zhe molec 
Thus, fee oxygen is | 9 


in the 


similarly, free cyanog 


sie T Cl 
chlorine } ¢]! 


roméat‘an element isliberat 
toms unite together to form a 
sPhent on which the element can 
by the chemica 
Sf the liberated. atom, w tive in 
than when united to form a molec 
aa ttefs unable obleach mineral colours: t 
heron printers inkycolouted by lampblack orc 
eka vegetable black, is well 
characters written 
sed for bleaching purposes in the 
Ttis sometimes used 


bon, and 
aby p 


Reet d upon it 


sheet of paper hav 

ina solution of ch 
Chilorin 

n, linen, and paper manufactures. 

n of a gas, but more usu bination with 

xygen, forming the article called chloride of 

lime (a mixture of calcium chlo and calcium 

hypochlorite, C or ble Chlorine is 

largely ‘employed as a. dis \d ‘deodorant, its 

tion on organic putrefactive substance: g similar to 


that upon organic colouring matters, 


INE AND HYDROGEN 


Hy ity or Hydrogen Chloride 


ymbol HCl, Molecular Weight 36°37, Density 1818 
This substance, the only known compound of chlorine and 
hydrogen, is obtained when equal volumes of chlorine a 
hydrogen are mixed and exposed to the diffused light of day} 
the then combine, and form an unaltered volume 
hydrochloric acid gas. Af the light be strong, this combine 
on takes place so rapidly that a violent explosiott OO=Ury 
aug hon deca at coe ena 
e combination. ‘The volume of hydro-hloric acid forme 


is equal to that of the chlorine and hydrozzen ; one ™ 


1 

may, however, be more casi 

lori acid may, : re casily prepared 
It (sodium chloride) and sulphane meat 


seen in Fig. 36. Th 
is first puviffed by 


Passing thro 
then fet ih a wash-botie ‘ 
or pasgethet collected by disp! water, and 
OF agua ito water (as represented in tae es ea Teauired) 

cous acid is needed. nted in the figure) if a solution 


¢ containing a tis 
lacement (if the 


Na Cl + 1,50, 


m chloride and sul, 


= HCl + 11 Na So, 


rc ric acid give hydrosh 
sodium © hydro 


o 


moisture is at once 
and the paper 
chdorine, "The 
is best determined 
dark by mea 
and collecting the gases (hyda 


tube, after allowing the de- 
me time. ’ If the tube thus filled 
r 4 solution of potassium iodide, 
lorine “il rise in the tube, the iodine being liberated, 
hale (Tite combining with the potassium, weit eee 
tal the tube is filled with liquid s the sass ing 
Whichast Of hydrogen. If the mixture of cleat oe 
fmat'can with care besealed up in wavenge se aving very 
finely dra » be exposed to the action of daylight, 
ificial light, such as that of burning 
» immediate combinat 
f_and on opening one of the ends under w 
pcompletely fll the whole of the tuber shot 
+ Mnc pone were present in exactly the proportion 
ai n hydrochloric acid gas, which deck sein 


adapted 10 
‘od Oe 
pa 


et 
s are formed 


din 
contained it 
wwatce 

it is heated on of ee 


‘d litmus paper I 
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Certain See 
Mee orefther nitric 0 
g This mixture } 


by the oxidi 
oi 
chlorine ti 
decomposed. by it 


volatile 


Chlorine 
rect 


}cios 


juny 


Chlorine Mono: 


lecular Weight 86 
obtained by the ac 
combinin 


Density 4335 
fon of chlorine Up? 
not only with the 


ClO + Hg CI, 


vegetable c 

inasmuch 
of chlorine, th 
c H 
‘ sOs2c{ +0. 
c 1 H) 
c HY 


tite as 


+0, 


d intoa dilute and cold 
is formed of sodium 
the formula Na Cl 0, 


Na ClO + Na Cl+H, 0, 


d of caustic soda, the 
a substance well known a! 
A mixture of calcium hypo 
it is used in’ enormous 
ind is prepared on the 
© Ns, encrated from manganes 
he floors of whi 
k is laid ; the gas is 


formed. ‘The 


tanks, 
a layer of 

I absorbed, 
reaction may. be 


into 
laked 
and 


powder thus 


2 Ca HO, +2 Cl, = 2H,0 + Ca ch + Caco 


pind chlorine give water, calcium chloride and 


and interesting method of prep: hs 
ely been discovefed 


aring chlorine on 
It depends upon 
air are passed to 
‘drogen of the 
bine together 
The copper 


acid gas and 
heated copper sulph 

acid and the oxy 

water, whilst the chi 
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sulphate undergoes no cliange, and acts for an 
length of time. By th 
being manufactured 


process bleaching pow 


quantit 


Hypock 


2H CLO. 
with dilute nitri 


prous Acid, or Hydr 


If asolut 
acid and di 
dicomes over. It is 
ing a peculiar smell and powerful bleac 
Na 0 Cl-+ HNO, = Na NO, + HO Cl. 


Sodium hypochl 
and hypochlorous acid. 

the same relation to 
nitrogen pentoxide, or 

drochloric acid 


chlorous 


and nitric a 
Hypo’ 
hlorine 


in the fibr 
dipping the go 
otic or sulphu: ated in 
the fibre of the cloth : ‘I e ‘only 
visible after the goods have been “soured,” or dipped in the 


O,, is produced by the deoxidation of elon 
Tk is connected with a series of salts calles 

tes, justas hypochlorous oxide is with the hypochlonitet. 
n chlorite is HCIO,, and sodium chlorite 


Chlorine Tetroxide 


Symbol ClO is a dark yellow gas obtai 
of sulphuric acid on potassium chlorate. 
a very dangerous sul 


ine by the actiog 
Te condenses ty 
stance, 8 


cl+ 
epar 


Ch 


ated from th 
acid it 


H 


hea 


ante, p. 13), together with 
ined in the residual potassr 


of chi 
respondin 


clo, 
n furthe 
and when 
with it 
ting, and the 
tai 

amount 
m_ chlorid 
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Y Oy, Ibmay separ 
nis Ment with by 


di ochlor 
fon on the 


This 1 
comp’ 


chlor treats 


Mnstare of one 
sulphuric acid 
Tiguid. condense 
HUIO,. ie has a spe 
produce 
pr 


powerful 
ar pape 


ad explosion. Tt combines 
: HCIO, + H,0, 


HC 

HCO, Chloro: 
HCIO,, Chlorie a 
HClO, Perchloric 


COMPOUND OF CHLORINE AND NITROGEN. 


with nitrogen, though only indiseettp 
able compound, the composition 


as yet determined. If chlorine Big 
swe 

ion of ammonia, nitrogen, a¥ ¥8 Seg, 
1; if an excess of chlorine be employe 
an oily liquid are bee 


de with fearful viole; 


en to form, which, OB 


¢, so that the Bree 


in] BROMINE 


t 
n_mus in manipufatin, 
expl 


went © nts are very Wosely com. 
udden violen . 


body 
the fact th 
ined, and 

cosPounn: 


OF CHLORINE AND ¢ 


cann te diregtlp with 
inct compounds 
f the most im: 

ides can be 
on certain hydro. 


hloride 
anic Chemistry 


Ymbol Br, Combin 975, Density 7975,—This 
element, which cl sembles chlorine in its properties 
pounds, was discovered by Balard, in 1 
btained by the evaporation of sea-water 

A nature, and is, like chlorine, f 
and magnesium in the waters of certain mineral 
in pure bromine, use is made of 

liberates bromine from its ‘com 
ming a metallic chloride. “The 
free may be separated by shaking the liquid 
h dissolves the bromine, forming a bright 

adding i to this there 

at once disappears, the b 

the bromide and bromat 


6, in the 
It does not 
und combined 


mine become 
Of potassiuin 
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ether these salts 


the bro: 


srk 4 2H,S0, + MnO, 


mine is a dark 
nary temp 


nentliquid at orc 
is specific gravity at 4 
Black solid, and boil 


5 Br +4 H,O = 5 HBr + H,P0, 


id reaction, and 


— ieee soluble in, water 


he aqueous acid boils (under 760 MB 

ig enya pagel Te 

8 contain one of bromine united with #8 
The a A 


and water. ‘The a 


liquefies at 


of Bro 


and Oxy-acid: 


to those of 


known, but the corre 
knoyn, though 
y tHe action of 
bromine water up 


plouring 
formed. 


hypochlor vegetable 
by oxidation, hydrobromic acid bei 
© compound anti 


mh 


HBrO,, can be 


onds to 
obtained, 


npc corres 
‘omates can be 
, by the 


on of bromine 
cous The best method 
tes of the alkali-metals (potassium 
ing a concentrated solution 
until cark ql 
nd then adding bromine; all the 
n of pure bromate remains. 
can displace 
+hloring 


hlorine 
Hence it 
from its com: 
oxygen, whilst can liberate bromine 
mpound with hydrogen, The 
heat 


chlorine 


bromai de 
05, has no 


the chlorate 
yet been isolated 


IODINE 
Weight 126'53, Density 126° 

h_metals in sea-water, and is 

ash of certa 

ides of sium, It 

lodine ‘is obtained 

as that by which 

ed from chlorides and 

om of a deep 

dark grey solid, 

» and boils 

ft a 


ing with sulph 
thus liberated 
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known in the 
port 


erceptible amount f te 
percepts amount Hier t acids, jodie and 


reddish-brown 
form, impartin as ne = Ths eacid, 

P be obtained 
hd. also t 


ing matters, and itis | 

mine and chlorine. iI 

HIO, + 5 HCL 

¢ yield iodic acid and hydro. 

i with the iodide 
nd bromate 


Wwerted into iodate if chlorine 


+5 KCl +3 1,0, 
eld potassium iodate 
h water, th Pgh dine to form 
PI, +3 H,O = 3 HI + H,PO; 1 tes of 2 Lonmin wih ehirin 
1e hydriodic acid | yy.cortespond rates, yieldin, Sn heating i 


ofp é of the he: 


and oc at ‘ochloric) is compose | dais e erchloric acid by. 
volumes of hydriodic acid Hee The pot Bis ccM, ise 


y metals yield the met 


Oxides of Todine. Sing chlorine 
1e solutions lc potash ; 


£25 throug! 
thus ° oY 


when treated with caustic alkalin 
4 “bleaching liquors; nor is. there 
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KOH + tl = KIO, +2 KCI + H.0. 


cating peiotic | 


Todine a 


e atoms of hydrogs 
by iodine + 
hich, when 


dene spontaneously 


places 
: d rt, and sot 
Writh aloud report, a 


ad oholic $ mn of iodine 


upon aqui 


found in D 
whilst it has bi 
nnd even in 
3s forming 


ny result, nor by other processes has it been found py 


to Isolate fluorin 


Acid, or Hydr 


cular Weight 20°, De 

in composition to the’ hydrog 

elements, and may by 

actly similar m: of sulphur 
calcium fluoride, 


gen Fluoride 


obtained ina 
acid upon 


H,SO, + Ca Fy = 2 HF + Ca SO, 


acid 
acid and calcium fluoride ics 


ilphat 
oric acid gas must 
as glass is rapidly 


Iphuri give hyd 
ydrofiaorl caden 4 
prepared in a, leads 


attacked by the 


aced 


= doubt. 
ed in the lguid 


their corrosive power 
t with water g acid « 


When 

Solves 

tains a constant 
atmospheric pre 
H 

hydrofluoric acid is its 

ises from the fact that 

a vol. 

Thi 


4 portion 
for 

ven off by 
ass will 


tions among then 
g nin Th 
Liquid, and iodine 
pecific gravity 
of iodine 4°95 
Slightly so, and’ 
and therefore thi 


eof chi 


chlorine is a gas, bromine a 
; th 
hlorine is 1°3 mine 2°97, and 
liquid chlorine is transparent, bromine but 
dine is opaque. The combining weight, 
density, of bromine is nearly the mi 


ordinary temperature 


ine and io 95+ and 


al deportment bromine half-way 
two elements, The property which dis- 
m the rest of the clements is 

the power of forming, with hydrogen, compounds containi 


qual volumes of the constituent gaces united without 
tension f th tituent ga a with« 


08 these subst 


Po 
© Eee Fy 


N 
2 


Lesson I ses zie cali 

suuravs iphur this obtained is retned or pertied 
een oe as Snes 
phur is quickly cooled below its melting point, it soldifis 


sight 3098, Density V98.—Su 
© ft combined in nature: it is found 
fi wuntric ally in Sicily and 
Iceland, and occurs cry3t 
form of rhomb 
his, mon ores from wi 
lead sulp 


and CuS, coppet 

hose metals are Fin ayy r 

{nose ature, com | ithe form of a fine crystalline powder called Flowers of 

bined with met: of salts calle we exactly as aqueous vapour, when cooled down below 

pbates : of these, calcium sulphate or gypsum, CaSOx  freezing-point of water, deposits as snow. When sulphur 
P if is cently heate h 

0, bar ar, Ba SO, sodium is gently heated, it melts, nd may be cast into sticks, and i 

a Pa yceur, in te ea Known as brimstone or roll sulphur 

ye eee combined wil P gqanjPbur exists in three modifications ; the first is that in 

of certain springs, as at Harrogate by melting sulphur. If melted sulphur be allowed 

mineral containing the ers Fo shaped, prismatic eae er i dang, eameparent need 


impurities is plac 
ging from two to thre sulphur, and have the specific 
i about half'a meter in depth. F 2 y of 1°98; whereas the specific gravity of the crystals 


heard, 10 90 resem 


f heated to 10 
thereby evolve 
and forms an amber-coloured r 
ire rises, the liquid be 
consistency of 1 
arcely be pot 
again becomes f 
Coloured thin liquid, un 
ly with 
metal 
uitin 
peat natural o 
tenae 
When dep 
siphur crystallizes in the 
al form, 


COMPOUNDS OF SULPHUR AND OXYGES 


phur and oxygen are known it te 


iulphur Dioxide, 5 O, 


and Sulphur Trioxide, 
each unite wit 


a molecule of water to fori 


en Sulphite or Sulphurous Acid, and 
en Sulphate or Sulphuric Acid. 


OXYACIDS OF 


her ox 


p ce. The 
alls down into the small f 


acids ef re hk 


washed to p 

by displacemer 
atin 

than 


The 


aled up by 
fied sulphur 
very. quickly 
which thus becomes | 
temperature may in this ¥ 


own bi E 
rr wh 


wool, 
‘Sulpnur dioxide, like all 


sther gases which are easily con- 


bits considerable ¢ from Doyle's law of 
ig for equal ts of pressure less 
the same conditions ; this difference 

ower the temperature 
s gas formed by the combustion of 
ind to be exactly the same as that of the oxyEe® 
Hence,as the density of sulphur dioxide is 3195 
‘equal weights of its constituent elements, 1 volumie 
with 2 volumes of oxygen to give 2 volumes 


water, 1 volume of watet 

s, and at 20° 39°37 volumes 2 

‘hie olution of the gas in water consists of Aydrts 

gen sulphite, or trae sulphurous acid, H,SO,, as the solutia® 


Ceres cog 
ide being reprotuced, ‘this 
tele 

Pio 
balay these 
Pee 
fate 
ee 

rich ener 
bleaches bj 


ts is in the 
and for thi 

e used, 
carbonic acid, HyCO,, is a 
ins two atoms of hydrogen, both 
ie of being replaced by metals, Thus two 
ssc of salts_are derived ; the so called ac‘ salts, where only 
‘oneatom of hydrogen has been replaced, and the wormal salts, 
Where both atoms have been replaced by a metal, ‘Thus 
Hydrogen Potassium Sulphite, HKSO,, is an acid salt, and 
Potassium Sulphite, K,SO, is a normal salt, Similarly, we 


have Hydrogen Potassium’ Carbonate, HKCO,, and Potas- 
sium Carbonate, KxCO, 
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ys 


LESSON XIII 
| it h fence 
pon the fact 
t combine wilt 
ne WHI fr 


This substance fs ia 

and useful aid known, as Yi a rou 
her acs are prepared, and a either by bn 
rates arts and manufictires mined 0 paves calen 
rites burns avwa 


5 are the appl 


‘of m country m 
the amountof 31 


Nth a. Ht ant = 
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[Lesson 


duct is led, together with atmospheric 


ferric oxide, Fe.0, 


furnace. A small stove (2), containi 
central part of the furnace, whey 


remains 


ag nitte 


action of sulphgric acid which is poured 
‘ phate being formed, whilst nitrous fumes 
Dom with the otf s into the chamber. Jets of 

also blown he chai 4 


up 
Pe 
poiler (¢), and y connecting 
the end of the chamber with a high chimney not shown in 
ie but placed beyond the tower (dé). The fume 


gases, and air ¢ from the chamber have to pa 
e tower id there meet with a jet 


at various points, from a 
a thorough draft is maintained 


of steam, by 
pluble acid vapours are nearly all con. 
The sulphuric acid, 
the nd when 


cid the pure su 
water must be removed by 

n the large scale, first, 
in covered leaden pans (¢), until 
is known as 
n further con: 

or of platinum (as lead i 
attacked by th z acid), until its maximum strength and 
specific gravity is attained. ‘The hydrogen sulphate thus 
obtained isa thick oily * and freezing 
pines with 

ture rapidly from th 


force, abs 
ie in th r a alryiny 
Great heat is evolved when this acid is mixed with water 
and care must be taken 
gradually ; otherwise a 


1 and ch: 
hers, such as alcoh 


plit up into other 


te unites with one of 
H,S0,+ H,0, which can be 


a mixture of acid and water havin, 


frequ 
from the 


referrgl to the lar 
phurie atid deco 
©, and water, HO 
to flow on to red-hol 
decomposition P 

be complete! 

tained. Hydrogen sulphate 
tains two atoms of hydro; 
sulphur 


d water 
or gre 

opper sulphate 

to preserve its 


(formerly 


n in the free state: 
dium, 


LPHUR. * 45 


essing the prope 
hich have been unacted on bj 


onl wn as hj ph 
rent of 
odium sulphide and 


alization the sodium 


28,0; + 10, 


formed by the acti 


a far mo 
and at onc 

1yposulphurc 
eparation of 


rted into thio 
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aes OH (ter 


ndroxyl).  Sulphe 
replaced by the group 
S05} ¢ so, OH 
H,'S 


according to 


oxides of 


th bluish flame, forming water and 
with large quantities of ai 
liar smell and 


IURETTE D HYDROGEN? ny 


One voluthe of water at 0° dissolves 

s, while at 15° 3'23 volumes are soluble 

perattire of —62°, this gas condenses to.a 

liquid, which, when further cooled t 

to a transparent ice-like solid, Upon a pressure 

ut seventeen atmospheres this gus liquefies at the 
ture of the air, Sulphuretted hydro; 


occurs fre n es, as well as in the 
water of certain Harrogate waters owe their 


power to the presence of this 
by tl faction of animal 
of eggs, which con 

n of sulphates in presence 


Composition of sulphuretted hydrogen may be ascer 
faite either by heating 4 small piece of metallic ont 
when tin sulphide ‘wil 
1 ing the gas by mean 
Meponited and hy ‘olume 
deposi ume 
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y is presented by t oing sulphur 
nds and the corresponding bo n seri 


analogous composition, but similar 
"an atid p : i "| they are formed by leading 
ich db 4 1¢ gas over melted sulphur, and are volatile 
ing up into SCI, and Cly while the dichherde 
n boiling S,Cl, + Cl, 


FeSO, 


LESSON XIV, 
ELENIUM,* 


Symbol Se, Combining Weight 78:0, Density 78:0-—Sele- 
i isan clement which closely resembles sulphur in ite 
ccurs in very small quantities ; it was dis 

us, who found it accompanying sulphur in 

Certain varicties of Swedish pyrites. Selenium also occurs 
fee in nature, and is found in combination with metals in 


certain rare minerals: 1 Hu itis capable of existing in 
nodifications, one of which 1s soluble in carton 

he other insoluble: the soluble form is precivitated 
ution of selenious acid is acted upon bra rekon 

Agent s the insoluble modification results fipm the contear 

ced sks ravity of the former vatety 

Pets MM Of the latter, 4°8. Selenium mele at sie ed 

boils at a temperature below a ted heat, nen 

Palo vapour. ina finely divided state’ ard vkc 

Eansmitted light, sclentuse he 

ait with a bright: blue on 

and ph Means of” thee 


ctroscope, 
icent and characteristi mell of bur 
is very peculiar, resembil rotten cabh 


€ to the formation of an o. 


it has a. pleasant sion 
ommercial article And is duc 
Properties of which 


TELLURIUM. ? 121 


hydrogen i8 prepared from a sulphide 


actly 
ap lourl nable gas, possessing a nauseou 


It is a co 
, and exhib perties in every respect analogous 
sentative 


128, Density 21 
hich, although re 
ysical properties, Bears so strong 
nium in its chemical relatio: 
Considered in this place, It 
and vther metals in Transylvania 
ic gravity of tellurium is 6-24, and 
itsa bright white metallic lustre. It melts at kbout 
id may be volatilized ata white heat in'a current of 
gen gas. Wh ted in the air it burns with a bluish 
een flame, forming white fumes of Ze//urim dioxide, Veo. 
this compound is also formed when tellurium is oxidized te 
porated to dryness, With 
water r 7, HsTeOs, and with 
metal : en, tellurites of the general form, 
M,TeO,, Wher ora tellurite is fused with nitre, 
Potassium tellurate, formed, from which fel/ur 
iid, HeTeO, wnt TeOs, can 
ob lourless gas, 
telluretted J 1 v tinguished 


by it 


tion, selenie acid Oxygen, sulp deters mw niatoral 


Eroup of elements, of hydrogen 
ium dioxide, t0 produce a pein 
respon! 10 the vit. HO, HS, H,Sc, The last three men 
with them, that Hire exhibit the same kind of striking gradation of pr 
an analogous 3S was noticed case of chlorine: br ; 
Ths the nican of the conta, : : 
Mnearly the combining weight « 


Whilst tHe 
rsp 
Melting and ty 


however, in the free 
Silicon dioxid 

nearly pure in qi 

variety of miner 


primary roc 
Tn order to obtain s 


only known 
rystallized in 
> in a second 


ed by 


‘ 133 
ind the same han 


mpergture of the 

to a colourless globule 
known. temperai 

one part 
d with fe 


is hea 
s the latter blgins 


fi 
rmation of a sodium 


and 
led, silico 


ucous solution 
fuse through a 
olution is 
chment 


LICON TETRAFLUO 
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monohydro, 


Na(NH,)HPO, 
n Off, anf 


itates with solutions of 
phosphates of 


hree modifications of phos 
, three different aci 
Thus we have 
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represe 
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nd adding dak ate with t 
pared from tw 


s of which the earth i: Acie 
per cent. of this 

source has not bec ti ion'c 
Potassium salts, as no cheap and & a 
bas yet been made available for separating, the Pot. 
: rth which i is combined in ty 

re able slowly to separate out and assim: 
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b Wat d with dissoly 


sting white 

sed tothe ai. 

Ig afd ther p 

infin by 

is a white. inf 

very readily gi 

powder called cal 

PCMOH)y The hydrate is sl 


> parts of cold, b 


peattonle 
swith wate 


boiling wat rand fi 


heavy clay soils by decom he, uae of the ai 
of Linte, CaCO,—This 


nsolubl 
olves wh water contains 
o what is termed fem 
ter deposits a crust of calciumecarbo 
ling owing to the escape of the carbonic acid. 
fiown evil of boiler crust id by. these deposits 
such a crust may be checked, if not avoided 


all quant vnine to, the sialel 


BARIUM SALTS 


barium has mot yet been in 

he metallic powder may be prepared 

two former metals, which it close 

Baryta, BaO.—The best way of 

e the nitrate by heat : it is 

s mass, which fuses at a high temp 
with evolution of much heat, forming ta 
s(OH)s-+ 8 H,0. This hydrate is sBhbe 


ature, and 


d the solution on esposure te 
cid, and becomes milky 
hen baryta is gently heated in 
tances combine together 
much oxygen as baryta 
ed at a higher 
id to use this decomp 
m theair, For this pur 
as been reduced to E 
she = es air passed over the b; 
action of a current into BaO,, which 
resembles calciu 
This interesting 
to work in practi 


). Lis one of the most 


in} trate white lead 
ily a 1 The other more 
mm and'barium salt Ba(No, 


and hy drosulph 
wit 
more widely dspesed = 
ms 1on barium mine } silicon i = 
end the carbonates : 


ELEMENTARY CI 


alour to the flame, 
Pe of charac 
pres 


This met 
doxygen in f 

clay, marl, slat 
ali 

chlor 

facta 

from its 

it has been w 


pure and cr 
na less 


Alumina act 
salts are the alum: 
Alumina 


med fest, 
obtained heatin, a mixt = 


fe scale for the w: ofehed 
it-with 5 


Its, which alumis 
has the come 
pared by dissolyiog 


‘ompesition 


slp! 
and, on the 

out, A 

ammonium instead 
41,0, is at pre 


d, being added to 


m the disinte 
ction of a 
washed The 
A1,0.,K,0,6 SiO, Kai 
n of disintegrate 
purities. ‘There 


insoluble 


olatile white s with ammonia a 

mina and. chi Soluble in caus 
manufacture of the pipstened with ¢ 

soluble sall prepare 


exhibiting corn 


the lu 
gas 
preftred Where 


hard gla: ct 


acture of co 

The fourth desc ass is an impure 

Inixture of vari afes, employed for purposes in which 
‘he colour and fineness of the glass is not af consequence. 

Ja the Preparation of all the fine qualities of glass, great 

Fa the etuisite in the selection of pure materials, as well as 

ses of manufacture rally the materials are 

fo oF deer Loaf their weight of cule 

ass of the same kind, After the glass articles 

a Blown or y eit a ae exposed t0 the 

Brocess of “an slow cooling; otherwise they ate 

touch, owing sa pertectly useless, breaking with the slightest 

touch, owing to the inv zular contraction of the different part 

thewatt about by rapid cooling, "The following table S0O"# 

mposition of the chief varieties of gb 


Soda A 


Arsenic Tricx: 


in a more or less 
Which fuses at 
+ giving a 


gether, 
bal 


iy may be ¢ 
NS Benerally fine! 
being dipped 


rt a purple tint to glass 
paration of colourless 
rials perfectly free 
a small quantity of 
ure, and the violet 
en, and a 
ferrous. to 
tones are imitated by 
glass called “ paste 
1 small quantity ¢ 
18 a tuby-ted colour, 
ilicate of ‘alum 
imperature, 


Of porcelain the fin 
dual d 
henware a 
| for 
spar, the biscuit o 


vessel containing this 
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M. de Boisbaudran in 
When held in’a 

haracteristic. spectrum, cot 

in the blue and violet, not fare 

A remarkable property of this metal is 

point, as it fuses at 30%, "Phe atomic weight o 

n determined, but from its genenl 
| appears to stand between alumini 


This metal was d 
certain zinc ores found in th : 
luminous gas fi 
sisting of two br 
the bands of ind 
its low melt 
has 
s this new met 
Ciass IV., 


Contains the following rare metals :— 


a 
, ERniva, Cerium, LaNtHANUM, DID¥ 


und in the mineral Be 
oxide, Bed, 
» Which have 


Al,0y, 3Be0, 
and forms a 
Glucinum, by which the 


ig, Con g We 


This met 
and also in sea-water and ce 
and stlphate. = "The metal 
Pared in quantity ; it 
chloride with met 
thagnesium being This metal is of 
folour it fuses at a low red-heat ; it is volatile 
tasily distilled at'a bright red-teat: when 
Pressed into wire, and with care it may: he 
ithough when strongly heated in the dir it'c 
mas With a dazaling white. light, with 

saly oxide, magnesia "The lig 

km wire is distinguished forts rehe 
Tays, and this subst 
fo sunlight 


1 occurs rbonate, 
or mountain limestone ; 
ain mineral springs as chloride 
tself has only recently been pre. 
s best obtained by heating magnesium 
oclium and metallic 
formed. ilver white 
oft it can be 
ast like br 
ir kes fire anc 
he formation of its 
burning magne- 
ly active 
ite 
loyed with 


and has be 
the in 


Magnesium ac 
Sled upon by co 


Sot oxidize in dry air; it is only sh 


id water, but more rapidly by hot water 


evalton of hydogem: a 
Shows ble ‘obtained by is i " 
Dut it does not possess a stron 


n brit 3 
fy 
geal qunc 
Solatilizes, and the’ 7 ‘ ; 
Magnesinme Sulp g sol tis : Pee a 
known as Epsom S; 3 b when thus 
i contains sai stalvat i solves 


cml " ind of thi 


The fy rcenh tia d 


Ma; a 

nesium resembles in many metals of the alkaline 
earths, bt it may be distinguished fr ; 
solubility of the sulphate Sisgneslim forma aii “Sulphate, 2nSOct rth 
soluble double phosphate with ammonia, MgNH,PO, + a eich seme 
6110 ; and ic isin this form the metal 1s usualy eatinate 


Symbol Zn, Combining Weight 64:9, Specific 
Gravity 68 to 7°2. ly’ om sya 
is an abundant and useful me : 


lum in its chemical characters ; but it is much MQ F for ble in neral 
y extracted from it latter matte " ; 

f ores of zin le or Blende, ef nite C 
amine, and red sinc ore, ‘In of F 

dered ore is roasted, or exposed to air at a high t 


a soluble zinc 
Wouate, ZaCO, 
mpctlamine : it cannot 
nate into OE; F oxide!" OF zinc salt by an 
a = is precipitated ; 


Prepared by pegs 
alee os 


pitating 


a$ to convert the sulphide or carbor Se A 


bonate 


tho a encanta andy 


atter metal, an fore distils over 
rf distinguished and sepa 


preparati 


sulphide i 
he met 

CaSO, are sol 

sulphide, Ce 


Couatr 


MANGANESE 


Symbol Mn, Combining Weight 54°8, Specific ¢ 
Manganese occurs in nature as an oxide, and it can be 
obtained, though with difficulty, in the metalli¢ state by heat 
ing the oxide very strongly with charcoal, The metal i of & 
reddish-white colour ; it is brittle, and hard enough to scratch 
wlass. Tt decomposes water at’ the ordinary temperaluS 
ation of hydrogen ; it cannot be. preserved i the 
ithout undergoing oxidation, and must be kept undet 
naphtha, or tube ; it is slightly magnet Mand like 
acs with carbon and silicon, Metallic n eye? 

in the arts, but an alloy of this metal and iron i 

lc on alarge scale, and used in the manufacture, of 

Some ofits oxides a purpose of evolving 


Lubility of 
mmonia, by the 


than the 


MANGANESE 
ochloric acid, aral also for tinting g 


equivalent of another 
MnO; MnCl, MnSO, 


nese setquigrid: 
but of a much less 
s the mineral braunit 
 Mn,O,, a neutral body 
ide of iron, and occurri 
the ore of 


and the chloride 
fallization from ‘the re 
from the dioxide ar 


q fained by crys. 
iducs in the manufacture of ch 

id hydtroct acid, 
ible Manganous compounds of importance 
flesh-coloured precipi 


tive, 
d prepared 
a manganous salt by an 
Bihese Ses yi 
Mtificially by exposing 
gril posing manganous 

fi series of somewhat unstat 
wanese alum is one of the mearne 


p hall its 


largely used fo 
dasa black hyd 


NaClO ++ 2NaOH + Mns¢ 


sj for this purpo: 
n is neutrali 
lime. Mangano 


n. oxide of 
a bright 
h may be 

and 


Whe 
ic alkali 
, K,MnOg 
2h 
2 its c : 
iis an o, 
which may be obtained in 
and a izomorphos, with 
The presence of a few drops of acid 
# strong well-cooled sulphuric acid to potassium i 
arate Bre heavy liquid is formed ; this Sab 
s pceese Hepovide, MngOx. It easily decom 
n heating, and as this oxygen con 
isy method to prepare. oxonized. $i 
sulphuric acid upon potassium ‘pet 


talzedy aed s oma 


and h 
2 e of 
mmon name 
ral charné 
da & perma; KMn0,, 
alline state by ‘evaporation, 
ium perchlorat 


tains much ozong, 
5 to pour strong 


a part 
ganates andspetmanganates readily give en 
in presence of organic matter, and t 
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@, and kno 
as being employed i 


nas Condy’s 
the laboratory for the 


murposes of volumetric analyst 
o Mau ; 


‘sh-coloured 
odium manga 


Symbol Fe, Combining Weight 55°, Specife Gravity 78 

The 
age of 
and stone 
mall. quantity on the 
occurring in those peculias 
tones, which possess an extra 


ron is of all metals the most important to:mankind, 
Ler Panels g unknown to the human race, the 
iron implements being preceded by those of tee 
Pure metallic iron exists only in very 
earth's. surface, almost entitel 
structures known a: 
terrestrial 


is a somewhat 
nowledge ai 

did not possess. "The iron of 
as in three distinct forms, exhibiting very dif 


and ent chemical constitu: 
1, terought iron 3, steel, 


The first is nearly pure iron, the nec nd of 
third a comme ying, awantites oF carbon and alicone wnt ie 
meen SomPound of iron with less carbon Meo, needed 
i of a ro The modes of manufacture of tase 
kinds of iron Sifferent, and will be best under, 

metal have been described. 
weer may be obtained by the re- 

[2 moderate heat in a current of hydes 

Ti be retained in an atmosphere of hear 

iron takes fire and burns to onde yer, 

i sinuttton of pure iron may be prepared 

pera fe mixed with some oxide of he eree 

in a covered crucible, the oxide ret, 


tr ity which tained. Tro 
BME white colour, and 


2 iron wire two mm. 
h 250 kil 
iton which has be. 


f hk d skill 


ferent propertie 
tions 


ly hammered exh 


when reeves becomes fi 
ong’ the mare oF Te 

extent the value 

foved to long continued vibration, th 


form of th 
f the metal, 


ey high tempe ; 
the ty of “welding 
lean surfaces 


iop mel at very 
lower point 
hot, it possesses the 

fe powe 
metal y Tonga 
ta bar of 
cumstances, and 
it with a stronger 
ze or tanish in 


in a bar of pure iron, bi 
magnetic under 


pont: 
ion of bl: 
peated in t 
burns, with the forma 
water iron does not lose its brill 
and ac 


— poses sean at red | 
2 forming the black oxide | 
iron iste 
eh 
ccbicnd 
eae all 


en (see p. 17), 
mbustion of iron in oxygen. 
wo basic oxides : (1) Ferrous 0: 
om of iron is joined by tw 

cond, giving rise to the green 

ride ot sésquioxide, in which two atoms of i | 
by one combining power, and thus a hexad gray 
from which the yellow Ferric Salts are derise® | 


+ it forms 
in which on 
powers to a 

Ferri 
ire unite 
is produc 


Ferrous Compound: 


Ferrous Oxide, FeO.+—This substance has not, bee Pe 
Pared in the pure state, owing eat readiness 
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rbs oxygen, passigg into the higher oxides. 
xide, Fe(OH),, is thrown down asa wh 
oda is added to 


peculiar tint to 
tant of the fe 
FeSO, + 

green vitriol, 

ferrous 

also prepared by the 


sulphide, in sulphu 


poration large 

og-ink. Like allt pounds this salt easly 
up oxy it called ferrie sulphate 

Ferrous Ch n dry hydrochloric acid 

fas is passed over hot us chloride and 

5 also. pro- 

nlorie acid, 


stuble com 
athose iron 
par occurs in a 
ay iron stone, the ore of 

of our iron is prepared. 
: FeS, an invaluable compound? formed 
uivalent quantities of sulphur and iron together 
eyed in the laboratory for the generatic n of sulphuretted 
P. 116). A disulphide, FeS,, called iron 


is found in larg. 
Protection cp ar is much used in the 


and occurs lat 


, which is isomorphous ale 
i688 pure form, constituting the cl 
Brom which a large proportic 


quantities, 
phuric acid 

ee p, 111), 
Compounds 


This oxide 
natite and specular 
rms brown hema: 


F NTARY CHEMI 
ELEME aa, 
prepared artificially by heatin _ i 
} or by adding a solution of arcoal or ¢ hahtyner out the 
> a solution of a ferric s: of a an can ¢ 
employed on a smal and with the p 
rev and hi been superseded bya 
however, to all Kind. 
a’ thus acted by ferric P rhs 
od by hy 
Of 


ly be econoinically 


» falls down as 


red crystals when c 
Tran, Solutions of the ferric salts can be reduced by 
ents fo the corresponding f salts,_ whilst 


= generally « 
nites, in contact with.an oxidizing agent, pass into the 


ated in the immed 
Thus, for instance, if sulphuretted hydrogen | ood of a coal sea 

h’a solution of fe . - , 

ferrous chloride i 


n down, thus 


or proto. furnace, 1 
and by s giving hite pre: 2 of which 
cipitate, with caustic alkalis; (2 P 
with potas anide, wh 


solutions y leep 

austic alkalis ; and’ (2) a deep bi 

sium ferro . Ferrous ox 
he ferric oxide 


to eighteen feet in 
Part. The furna 
ary for the main 


crystallised 
Constitutes one of the most valued ores_of iron. It isthe 
de formed when iron is oxidized at n high temperature in 
in oxygen, or in aqueous vapour. A corresponding several yeai 

pide, Fe also magnets vf its betes Gn, 
Ferric Acido—The potassium ‘salt of this acid is prepared | Collect; the 
ricoxide and nie together * the mass yes | oth hearth, 
4 purple-coloured solution, and. contains potas | Nt the ligite 
KE Tt is an exceedingly unstablesab | etal, runsc 

her the acid HyPeO, nor the oxide Fei 


mer being o 
d cast in 
to pigs in moulds made 
her slag, which sw 
inually out fr 


Manufacture of Tron, 


method of manufacturing w ron was {0 
mice from the ore b 


: ae BESSENER STEEL 


the clay and limestox 
5 per cent. Steel possesses enc coe 


Here the s a 
heat is greater 


fay, sued, and other impuriti ite y the power rd and Brittle when 


nestone fo form le silica \ he h ickly cooled h ration of cutting 
tal, coming in co i i f 


1, which 

wartance, 

passing a blast of atmospheric air through the molten ure} 

the quantity i ‘ for] And then in adding such a quantity of a pure cast an ee 

cast iron is nota definit h NS) wrought iron thus prepared as is necessary te hereof” 
with iron, ‘The carbon iron ales of} enough e wh 


le the melted steel 
raphite, giving a ti a is then at once cast into ingots. 1 way six tons of 
in combination f i P ion can at one operation be converted into steel ie 
an phosphorus a t minutes. The Bessemer steel is now lar 
sidered as_impurit for railway axles and rails, for boiler-plate ther pur 
ng of blast furnaces has lat , for which it is much more fitted than. wrought irony 
ing the heat of combustion of t e : u hi sb lutionize the old iron 
escape and burn at th t 
perature of the blast of 
are collected at the to 
pass down an iron 
the furnaces in wh 
Tn btain wrought 
undergo the processes of *e 
consist essentially in burnir 
and phosphorus, by exposin 
air in a reverberatory furnace: the melted cast iron be 
comes first covered with a coat of oxide, and gradually thickens 


a reddish-white which 

co as to allow of its being rolled Ingo large, lomts or ball arsenic. and. sulpi minerals tin 

During this process ole of the carbon escape White cobalt, CoAs,, ahd ca "The theta 

bonic oxide, and the sili on becomes oxidized t ai 

unites withthe oxide of iron, sour toc 

phosph sulphur contained in the al 

tn this process. ‘The ball is then hammered to gave the meal 
ence, and to squeeze out the liquid nd the mass 

afierwards rolled into bars or plaice 

Another interesting branch of the iron trade ig the mast 

steel. This useful sub: stance is formed, when bars 4 
arcoal : the bar is then found to have becoM€) and jije : Cobalt tre taste 


instead of fibrous, the substance is more 


a part a magnificen 


S of c t 


thé oxide Co,0, is obta 


the 
on the oxide or on 
thlo#tde, or, if further 
The Nidrat c s 
aso soluble h magnesian 
phate, a black powder, insole 
ndiue acid.” Cobale compounds ean be easly foageaet 
ie : nade by fusi borax into 


[ess mass on the loop of a platinum wire 


toa borax bead, Colour. 


manufacture of 


copper, Ni ble, and t 


what lower temperature than 
strongly magnetic, but loses this property: 
the menos 


NiO, 


a: the former of these gives riseto 


ssess a peculiar apple-green 
obtained by heating the nitrate or carbo 
soluble nickel salt with caustic. potash 
Pple-green hydrate, Ni(OH)», which is 
[The sesquioxide is a black powder, prepa 
tion of bleaching-powder to a soluble nickel | 


or by prec 
tnd heating 
thrown down. 
by adding a 
sill 
The important solu 

£7220. crystallixingin green prismns 
and the chloride, NiCl,. "Lik 
sulphide, NiS, insoluble 


Tin 


melts at 2 


h this metal has"been known from 
t few tocalities, and the metallic 
The chief European 

where it is found a 


all probabilit h 
the Phoenic 


he liquid 

of 
of 
Engli h 


little tenacity, a 
with a weight of sixteen 
a peculiar crackling sound, 

atile. Tin does not 


mms. in diameter 
When be 


fire, and 
d putt 
with the 
us chloride 
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atmosphere of c 


A by nite 
a white precipitat 
which is readily 
of hyde 
nd havin 
1 H,0, formed by be 
din calico-prin 
r 
needle-shape 


Des: 
hydrochloricacid. PP 


Stann Sn, 
ost im the 
a bright yellow cry 
luble in alkal 
guished in 
lour calle 


forma: 


n easily be dist 


ann us ch ride. ‘Tin is also easily reduc 
lowpipe in the form of white malleable beads, 
soluble in hydrochloric. acid Motetion thus: obtained 
Produces with a solution of mercuric chloride a white prech 
pit calomel, which on heating becomes black owing 
formation of metallic mercury, '& Deeo™e Di 


its there. 
protecting 


fi acs re oe 


in combinat mineral rutile, TiO, 
The oxides, of titan nd to then ate THC 
and 7 span i vi 

ands are not 
arts, ‘but 


nd in combinatio 


itanium and 
a compound 
lizin, 
s id to be m 
nt ess 
distinguished by 
with 


oral 
s power 


n with 


hich the rare metals ZrRcontunt 


Viti 


Chro ON: 
with Magnetic 

len, and the Shetland. 
so found in some 


1¢ Tron 


q 
ta 


(3) chromno-chro 

Gdy. The first two 0 

t third oxide is a ne 
oxide of iron: and 


avidity. ‘The by 
te by addin 

precipitate by 

lichlor 

which di olves in water, 

obtained by passing hyde 


oni 
the emerald, A aplenid greek colouy Ve cise cagalsed by 
solving i w n hydroxide remains behind, 
wee poke gen Co Cone 
onion 

talsel ea 
squint 


Cr,Cl,—The aphydrous chloride is ob 
it beautiful violet crystals, by passing 
et a red-hot mixture of chromiai 
These crystals do not, dissolve 
re readily soluble ia trace of ehromii® 
. rok most ready way of preparing 
1 of chromic chloride is to boiba solution of chromic 
ved oor 2 chromate with hydrochloric acid and gical the 
low solution after a few minutes being changed (0, 
‘nish-blue colour. A solution of chromic sulphate 


and charcoal 
f, but 
de 

ide is prese 


CHROMIC ACID, 29 

nay be obtained in the sgme way, by substituting 

wie acid for hydrochloric actd, Chromium sulphate 
a series of ium and ammonium sul- 
h have a deep and are isoforphous 

Dn JedeSOe + 2410. The 
et-Coloured “modifications 


d Chromates, - 
fused with p 

and a 
is is the mod 
ared from chrome 


If any chromi 
bona 


sum ear. 
on ore. This yellow 
jum sulphate and’ man 
added to.a solution of this 

pmtbine with half the ba 
K,Cr0,, separate put 

Iifomate of ‘potash and 
Preparation of the chrome pigment, 

Ifo the solution hrom 


Cr0,0K 


cr0,-0K 


Cr0, 


if dead chromate is heated with 


a solution of a caustic 
¢ chromate if formed of the compo. 


alkali 


ia orange-red ba: 


C10, { OPb} 
(0s) opp { © 
foxes CO, 
shaped er 

id toa concer 
als are very solu 


s obtained 


he form of ton 
tals by : a otlong 


ding an excess of strong 
lution of the bichromate 


3 of chromium 
jwioxide in presence of 
hisevolution of oxygen, that 
OR the dey crystal 
don the dry c 


PBCrO,, oF ch c ind largely tae 
DCO or chrom ly used for 
ing and other purp 

{CrO,, a chara uble powder, 


cro, fl 
, cro, fa 


obtained by 


din warm h 
out on cooling 
KCICrO,, a sub 
hloride tnd p 


roma, 


osc 
Cri c 


iy deceenes of ¢hromium and its compounds cam Be 
Y detected by the formation of soluble yellow-coloued 
alkaline salts, yiclding insoluble yellow lead aad silver co 
pounds, and tapabl y redction to green sohitions 
Fycsence of organic matter. Chromium  sesquioxide impatt 
to ax a fine deep green colous im 
Hmay also be detected by the splendid, but very fugit 


xxn) 


ue colouration wh roducedgwhen hydrogen dioxide 
fe added to.a very dilute solution “of cheeses ee 
blue colour is due to the formation of & stil hiehe om 
nf chromium, analogous to. permang, ark termed 
as s compound is however very readily 


arance res aphite.. The 

white lustre, and melts at 

ow powder 

which acts with ‘bases. salts’ ealled 

solybdates, : enum do’ ot oes 

however, sed as a reagent in the inberat op ge 
= of phosphoric acid (see p. 193) 

ToNc 

Symbol W (Wolfram), Combining Weight 184, 


occurs in tolerably large q 
the mineral wo//r 


ities combined 
, FeWOy, and also 
The fused metal is white 
ravity of 19°. Tungsten 
the addition of a small 

y imparts a great degree of hardness and other 

able gullies to sted “Three sxc aie othe 

We Sken dioside, WOy Tungsten trioside, WO 
Wi, which“ n garded as a compound of WO, 
and WO,.” ‘The “i 15 obtained as a brown powder 
sating the trioxide in. an atmosphore of hydrogen ; the 
insclabie onctimes called tungstic acid is obiaied ae 
tate wile Yellow powder by heating the native cee 3, 
Smerianittic acid. “Tungsten oxide trace y of 
mewha ated The sodium compound js 
en used to add to the starch employed to 
the tungstate rendering the fabric unin. 


are fort 


the sulphide with about half its we 
rrous sulphide and metal 
Sb,S, + Fe 
also be re 
and heating in a reverber 
bluish-white coloured 
isomorphous Ww 
powdered in iar; it melt 


3 Fes. 
the ore with 
Antimony i 
zing in thom 


Antimony ma 


is very bite 
at 450%, and 
atmosphere of hy 
in the 


distilled 

Antimon rat 
», but rapidly. 0 
, if heated more 


only, it tak 
ce white fumes 


yrdrochloric or sulphuric acids 


A third oxide 


jined in crystalline n 
the rare form of 
wide has also bee 

mony trichloride wi 
is precipitated a 


3 SbCl, + 3 Na.cc 
2 SbCl, + 3.N 


SbCl, + H 
Antimony Pentoxi 
mony with strong nitri 
¢ timony 
Precipitated hy 
Which lose: 


mediate oxide Sb,0. 
Sits with the al alis ¢; 
the atsenates, fst 
Sparatedas 


‘Antimoniat 


Or + 6H,0, 


with ' water 
irate. It is a ligh 


ANTIMONY 


y, used in the arts, . Of these 


of etal, 


sometime: 
the composition 


tetro 

This oxf 
anime 

ecdles, which 


gives rise to the 
1 in medicine ; it is 
are isomorphous with 
ee p. 137). Antimony 
erved to crystallize in octohedrons + 
are said to be Hy 

the pure oxide i 
ith an alkaline ¢ 


nphous. The 
by decomposing 
arbonate, when the 


a white powder 


s = Sb,0, + 6.NaCl +3 CO, 
n boiled with a so 
ium tartrate), 


tion 
and on con 
tals of tartar emet 
ny trioxide also dis 
tion of the tri 
di f water, 


0 = SbOCI +2 HCI, 


is obtained by acting on anti 
penta 
tly “heating the 
straw-coloured powder 
and is converted 


cid, or by decomposing th 


id heat, 
Sb,0, 
aitled s, corresponding t 
|, HSbO,, can be 
The hydrate obtained by actin 
is termed metantimonic aci 
ntimoniates easily ¢ 
The acid sodium 
is distinguished 


netantimoniate, 
as being the only 


4 . 


insoluble sodium sal 

solution of potassi 
The ingerm 

the metal’or 


© Spontaneo, 
prne gas, with formation ofthe chien? 

There are two 3s of antimony 

Ant 


antimony, or by d hydro. 
ehlorie acd to which ali added "og 
distilling the liquid thus hloride volatil 
d, on cooling, solidifies toa mass of white crystals. ‘i 
tell at 7. na solution of 
the tric d into water, a 
white precipitate ¢ ned, possess) 
SbOCI + Sb,0, oxychloride 
med when is heated, with 
temperature of 160 
faring lig 
the trichloride 


able of uniting: with 
lass of soluble Thus 
noniate is Na,SbS, + 9 H,O. 
Antimouinretted Hydra 
unites with hydrogen to form aga: 
analogous to AsH,, 
evolved, to, 
brought 
flame, 


je, antime: 
gaseous compound, SbH. 
rseninretted hydrogen. The gas 
antimony, salt is 
e acid, 
it burns with a bluish 
ing white-coloured antimony trioxide, and it i 
dec Oye Te at 2 Zed heat with deposition of aa 
ony. ‘The detection and separation of arsenic and a 
ig.3 subject of much importance in medical jurisprudene 
pth substances exhibit poisonous characters, and Coc 
Caagnble one another in their reactions * still, with fo detect 
Siey to discriminate between these two metals, ond toda 
inthe GaMtY 2 very minute quantity of either when Pre 
in the body of an animal, antity 


Like the | 


the native state, 
re frequently Sy; it is easily 


pinkish 
, which 


It crystallizes in Thembohed 
be distin 2 cub 
Bism 


fire when 
dissolves easily in nitrie ie metal is chiefly used a: 
an ingre i ts compounds are also used 
in met Two oxides of bismuth are 
wder, formed 
cond oxide is 
pitating 
reddish: 
y compound, 

h pentoxi h r 


important 


is precipit adding water to the trichloride 
bismuth is easily reduced from its compounds, before 
the blowpipe, as a brittle bead 


and an oxichloride 


VANADIUM, 


This is a very 
Quantity in certain 
Yanadate, 
lim pentoxide, VO, 
S2Morphous with 
88 oxychloride 


fare metal: its compounds o 


n iton ores, and also in combina! 
It form : 


hates, 
Sheride ee ng to phosphora: 
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TANTAL 
occurring, les Ta,0, 
and NbCI, bs 


Lead does n 
ree is obtained f 
mode of reducin, 
the galena is roasted in a 
addition of a small quant 
With any siliceous mineral 
Action of the air a por 
sulphate, whilst in 
sulphur dioxide, and 
of a certain time the 
fura 


lead ‘from. thi i le on 
2 fusible slag 


and leaving mi 


Galena almost alway 


mall quantity of silver, 


ribed on p. 


cratched with the nail ; b 


drawn 0 
,,buk possesses little tenacity of ea 
Alameter breaks with a lad of 
334°, and at a higher temperature vo 
lent te enable it to bedist 

¢ metal remains permanent in dey 

7 fapisbed in moist sir, owing Ms 

quantity of weak acid re 

oF acetic water freed from air lead ale 

Tree but if air be present, lead oxide i 

formet, and this dissolving slightly $y Phere a treah BO" 


LEAD, 
ter of muck 


and the peculiarly 
length of time, 

4 f tS contained in all. spr 
a. t n the 
pers ater hlor 

jead : thu ° 


the form 
ortant series of le 
nd of which the soluble 
with silica 
attacked, 
precipita 
and this when 


The white hydrate 


de is fused 

id oxide Pb (OF 

ti luble salt of 

heated yields the oxi 
2 Lend Dioride, 


», PbO, —This 


the hydra red lead with. nitt 
id ¢ does not form salis with acids, ‘When 
alf its oxygen acted upon with warm 
id, chlorine i dl, and lead chloride is 


mpound of the 
PbO + PbO, 
© air at a mi 
Red lead i 


the puce-coloured oxi 
Witrate, Pd(d 


salts of lead. 


which will be described 
Amost all the other 
uate PbCOy is fou 

) much used as a paint, is 
and lead hydroxide, This s 
pure state by precipitatin 
an alkali 
For preparin, 
the 

wa as the Dutch mi 
lead are rolled into a coil 


In this proce 
d each coil pl 
f crude vini 


ed. 
Fh mew hat, but it_ generally coreespo 
with the formula 2 PbCO, + PbH,O» { 
fs OF Galina, PS, is fond native, and cot 
ie ore of the metal, “It is prepared as a blak 
sulphuretted hydrogen gas through # 

Galena crystallizes in cubes and oe 
Lead Sulphens ce as bright bluis-white metallic laste, | 
Lead Sulphate, VSO, is a white insoluble sal, viel 
1 is prepared artificially by adding sulphut 
acid toa soluble lead salt bal 


ydrochloric 

a crystalline 

63 in about 

arating out in shiniAag needles 

¢ form of splendid 

‘assium iodide.and 

allowed to cool, 
s a yellow 
chrome-yellow. 

phous with those of the 

nalbgy is further shown 

ind of barium are both 

that lead is 

quainted with a volatile com 

Jead ethyl, Pb 

This that 

npounds 

the common 
mula, ‘T 


Head nitrate ed and 


a, used 


metals of 


insoluble in water. Hence it i 
adyad, We are, howeve 

nd of lead with 
(CH), whose v 


: show: 


Iead Is a tetrad ele id that anic ¢ 
Contain two atoms of ict 


formule are only 
tue constitution 


First, by the black sul 
secondly, by the whi 
Insoluble sulphate ; thirdly, by the ‘yellow icdide seu © 
fhe form of a malleable bead when any of 
heated before the blowpipe with 


ised, 
nittic acid 


the m 
the 

a reducing agei 
THALLIUM 
Ymbol TV, Combining Weight 2036, Specific Gr 


Thaliue 
Means of sp 
Prttes buses 
‘indicated by 
Physical 


was discoven 1861 by Mr. Crookes, by 
uum analysis, in the deposit in the flue of a 
The presence of this new metal 

Fence of a splendid green line in the 

lium closely resembles lead in its 

3 the freshly: cu ace has a bluish 
which rapidly tarnishes ; it is so soft that ie 
ssssions of the nail, and can be easily drawn 


ELEMENTARY CE a 


mens of iron pyrites, and apps : LESSON xx 


Mercury. Sityeg. 


ev di Ly metal, largely used in the art 
this n re. well sed 7 ¥ reaver ‘easily 
TO, ald Thallium trioxi i daced from its Metall found in con 


correspond 
properties, the alka 
TKOH), 


I-detined sex 


OF these the 
are the most 
ystallizin ’ Pure metallic 
TLSO, + 24 1,0 rt hyd u position 
soluble in water, tn thi P copper on-a large 
of the metal is 
der, precipitated sulphid wD nore did per pyrites, is 
yy roasted; in 
phide into oxide 
ry furnace with 
ar less, and. act a8 nthe 
8 prec 
hat the properties of thallium and it 
intermediate be n those of lead and 


s the furnace, 
Thallium is Ki i repeat 
ious compoui 


sulphur, thi 
contact ‘with 
Tl-a 7 : ead i 
the leh My cupric made Sone of of 
ages of the this oxide ‘acts upon the 1 
sulphur dioxide and 


Tl~c 


Petallic copper 


CUS +2 CuO = 0, + 4° 


onSr S Eisoe sared up wins plese ae 
Metallic copper assesses a. pec 
a from a bright surface of th eth 


catingea green tint to a flame ‘om 

assed over it; and it is one of 

and electricity. Copper does r 

fn the air, i rapidly oxidizes to scal ocis 
ed by metallic copper at't red Ris 


Ipbur dioxide (p. 107) is ev 
formed ; and when act 
is produc 

Many of the copper all 
alloy con about tw 

ler than > manaia 

worked: the addition of t of lead i 
proves the quality of bra ft purposes. ‘The tal 


copper 
nd 


or muntemetal, used for athing of ships, cos 
per cent. of copper. Bi : 
speculum-metal are other alloys of « r able compound, capable 


ee, gun-metal, bell-metal C o a deep-blu 


quantities. They are all 4 r tion CuSO, +3 NH, 
being hard and brittle when 
ft and malleable if they are cooled sudde 
by dipping into cold water, “ Manreae 
Copper is a dyad elem d forms two sets of ¢ milar 
Fre eases Lifrows and the cupric salts: the molecules of | {PPE compounds are , and the production of thi 
the cupric salts contain one atom of copper, whilst the dlour may be used 
fuProws compounds contain two atoms of metal, The coo 
spond tates, AO grides CuO and Cu,O and the cone, 
Spending chlorides Cu,Cl, and CuCl, may be represented | § cid, 


niuin sulphate 
been replaced by one 


presence of ¢ 


ca solved in hydroch: ise 
crystals 
Cupric Oxide, Cuprous Oxide 


» Chloride, Cac 


Chloride solution of copper 
t known in the 


ELEMENTARY CHEMI : 
a S offgas the dioxide, and the 
mate to a copp x fe - sth ln and 
cen rdinary tempera 
somewhat. simi rnineral ee 


= uC 
hydrated oxide, C 


1 doe ta 


ilphur dioxide 
id evolves nitri 
is largely 

gold and silver from the 

powder, whi 


od by di 
pper in hyd he solu y k 
P a l ; two set 


¢ HgoO, is Ob. 
tate, or by heating the 


when heated, an 


The,copper sal 


detected—{1) by the black bl ; fi it from a s: te by c 
blue hydrate turning black y {| falls as an amorph 

colouration with ammonia Mercurie: Nig 

metallic copper upon a bright 

solution 


CuSO, + Fe = Cu + Fes m timate mot 
MERCURY 's also formed when mere on 
He Hydrargyran), Combining Weight 398) vise 
Specific Gravity at 0 13°596, Density 999. tsetan 
Mercury occurs in the native state, but the chief ra) 
<a. the aulphie,ox Cunalar, which oars a A 
rings at Lia inlet Calforni, a8 a, : d 
Pen rang ne eta sly obained By OS aN ig 


MENTA\ 
< 216) it can be extPacted with profit from the 
fend’ prepared S ore, even when 
only two or three « ort method 
thus ado ds upon 


in the pure 
all 


ARY CHEMIST 


a black 


ure, and i 


hen k 


ht to 
ames tintel of a pur 

as the action 
from a partial 
formed. Tn presence 
place much fh 
homena of pl 

about 269), and at hi 
reduced to metall 


ation 


f organic matter this change takes 
fapidly ; ‘and upon this fact the phe. | 
aphy depend. Silver chloride fuses at 
temperatures volatilizes ; itis easly 

iver in presence of 
leis perfectly insoluble in 
es appreciably in strong hydrochloric 
alt, whilst it dissolves €3 
oluble in a sol 


Ps : 

acid and i0 
bn of sodium ti 
this reason that the latter salt is 05 


7 oat 
that is, dissolving 


ogtaphic pictur eee per 


salt, and thus 


CONSTITUTION OF THE SILVER SALTS, 


AgBr, % white precipitat 
n ammonia and a 

a yelldw powder, 

olved by alkaline 

urs native in cubic 

ipitated as a oyder 

olutions of salts 

The striking 

copper salts 


Iver suboxide 
this analogy 


ind exhibit the con 
n the supp 


stitution o tion that this metal 


isa dyad 


Silver can be easily 
Sipitation ofthe white 
iMrie acid, and soluble 
ghtained in malleable glabu 
Siverisestinans 
the 


on by the 
ble in water and 
he metal can be easily 
he blowpipe, whilst it 

pper, and’ mercury 
ely either as the chic 


s before 
solutions by iron, 
ated quanti: ide or as 


Fetes 
aa Soret 
capt 


‘arrangen h can be re »bule before the 

mud oF mineral 

aah k, the mineral 2 Au + a + FeyCly5 
haken up with mercury, and ' n of 2 purple colour (purple of 

old thus extracted by amalgamatic 3) ide is added to a dilute solution 


sesses a brilliant yellow cc 


‘ut into fine wire, and is the m PLATINUM 


Specific G: 
chlorine and in . 

At high temperatures gold is slight Pr a comparatively rar 

best st by ds hi gia, | i ve, state, an ally alloyed with f 
and adding ferrous sulphate, which is oxidized to ferric salt alladium, idium, osmium, and rut 
and precipitates th wer. The standard This alloy occur mall g 

ok Oo land copper in the | favel in Siberia and 1s " 
rtion of 11 of gold to 1 of copper, or 8°33 per cent . 

the latter metal: this alloy is harder and more fusible, but 

less ductile, than pure gold 2 nal mode of ot the metal 
old unites with oxygen in.two proportions, forming several Of thera tenn Precipitate the pl 
suboxide, Au,O, and Gold triovide Au, Neither of thes? i insolunie accompanying metals) with sal-anwon 
S forms salts with acids but the Tatter unites wi Ch a CHloride Of ammonium and plat 
tapare'2 {2m compounds called aurares: thus potas | datinuch in eis ep TCeipitate, oa heating, yi 

aurate is KAuO, id trioxide is obtained by adding ¥ divided or spongy st 


de ; the oxide ind hamm 
Pode riot of gold trichloride 3 TE giage mesa coherent metallic condition, 


direct Mding together, when hot li 


metal, which always ¢ 


; n found sn 
Whi bably belongs to the 


oxide oF magnesi 
fills as. brown powder, from which the zine cam DE - 
rated by nitric acid, ioxide decomposes, i 


iron.’ Anew mod 
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infasible, and 

hydroger 

Dut dissolves in a 

much used in the 

upon the metal at high temperature 
metallic plantinum ha: 


en mentioned 
tions to f 


n of f 
half its equival 


e hydrate, when 
Hi e Platinum 
ide, PiCly is Plan 
the high 
lp is the ‘most important concede 
ned as a yellowish-red solution ing the metal 
erystals of a compound of 
with hydrochloric separate out 
rachlorde combines with many alkaline clocdet 
with, potassivay 
ein water, 30 
;, whilst the sodiuat 


chloride to 2 lorie, 


double salts : these compound 
exsium, and ammoniuin ae 
norphos, 
ola prisms 
when acted upon by ame 
these substances act 
hese § 
mae in whieh tie 
been partly replaced by either diatomic 


PING OF THE ELEMENTS, 


palladium, rho 


Je properties ofthe rare mt 
m iridium, and osmium, 


ames of all the 

ned, arranged 

placed horizontally in ascendin; 
Gmbinin, Thus we have 
ne group, 

the metals of the 

ats in the 

tomic weights, 


ppears that matter becomes endowed with the same 
; sw ‘omic weight has increased by 
f the iron group, on the 

alliplaced in a vertical series because they posscae man at 
same atomic weights same holds good for the two 
divisions of th up. Further examination of the 
table shows that 0 ationships exist between many of 
elements : thus it frequently happens that the elements of 
n isomorphism or by 

with those in a neighbouring 


other hand, are 


th phosphdrus by its vol, ise and'iby 

iorphism of the vanadate osphates, is 

allied in its chemical and also with 
chromium and mo 

nliese two last elements are connected w 

Homorphism of the chromate 


with the p 


h sulphur by the 
molybdates and sulphates, 
rine ar 4 by the isomor 
ind the perchlorates, Silver on 
nalogies with copper and mercury, 
ium, place the metals 


nthe other 
tions 


mots Which here present themsclves can 
f chance, but we are as yet unable 
nt for them.} 


LESSO! 


PECTRU 


anch of chemical an of great deli 
e, has recently been developed, chiefly"by 


d Kirchhoff, the principles of 


ubstance 


plowpipe, gr other nearly colourle 

nce of the substance may be detected, 

ese substances are present together, the detec 

y the naked eye becomes impossible, owing to 
blended, and thus interfering with each 

Thus, for i he sodium compounds colour the 
flame an intense ye sium salts tinge the 
et: the yellow si 7 ver, So. much 
a small trace 

i the purple, even if 

antities of potash salts are present. ‘This difficulty 
method of observation ren. 

dof regarding the flame 

A through a prism, This 

through 

ch 

hat 


nd of differently coloured rays 
hi being resolved into 
This coloured band 

Of pure white light 
retching from red (the 


r 
with the ainbow 


chromolith. y 
ith. plate at beginning of v 
lowed to fall th 


€ Seen that the s refracted 
te light, ina: 


it consists of only 
EPRTICUL set of rays ae 
ng a few brihs do € spectrum of the yellow 
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ns onky one fine bright yellow 1; 

are two bright 
other iste) The 
tag the post 
imand to be 
rel and purple lines 
feen had ns 

The coluured fam 
by observing the p 

ats ca 

hh) : 


method is seen when we learn tl 
has even been exposed tathe aur f 
line, eve 
ion, when placed tna 
lithium ¢ompou 
tained in only four minerals, by aid of 2pe 
cund to be substances of most common ofc 
observed in almost all spring waters, in 
Dlood, but existihg in such min tel 
altogether eluced recognition by the older and less delete 
malytical methods. A portion of lithium less thal 
h part of a grain c 
till more. strikin, 
es in the fact 


SPECTRUM ANALYSI 


si n with 
ores. ‘The new 

that it would. be 

by the ordingr 

a exhibit very dis, 

or anf other 

cyered by 

een line which did 


allium ha 
of two charac 


ower of im: 
cteristic: spec 
entary substan 
1, or gas; and it is 
ated to the point at 
then each clement 
ne, and the charac 

h higher temperature 

their vapours should 

easily heated up to the 
of the electric spark, which, 
n question, 


all the metals, 
J, may each by 
ich their spectra 


ht red, and. it 
d one bhi 
ple colour, 
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Itconsisls of a prism (0. Fi 
a firm iron stat d a tube ( arryi 
alarged scl 
the coloure 


rendered parallel b; 
having been refrac 


uncovered half of the 
sides of the sm ig 
thu: ° a into the fe 


6 


ugh the lower half 
1 of view at once 


The small as flame 


minate a fixe 


he surface of the prism (a) into th 
The pecllar appearance of the spect 
ted by the coloured pl 
Of this volume. “On thiss Nov 1 represen 
spectnith of the potassium 
that of the new metal rutiidn s No 


placed at # 


ced so as 


this is reflected ES) th 


LAR AND STELLAR CHEMISTRY, 


; No. $*that of the indium com. 
ne of thallium ; No 
he spectrum 
nds ; No, 10 
11 the compli- 
once evident 
ind that if all 
ether in # flame, 
of each ingredient 
istjc lin 


Ua Chem 


wed to fall upon the slit of the spectro. 
th pectrum thus obtained 
pectra which we have hitherto 
of a band of bright light, 
intersected by a very large 
different degrees of 

present, and always occ 

n in the solar spectrum. ‘T 

tl howing the pc 

dark 


y mapped and described them, 
¢ of the 5 be 
tance and intere 
rmination of the chem: 


sun and far-distant fixed 


tra of the moon ani 
exhibit the s inunaltered 
dark line 


of the sun itsel 
their production 
the foundation aide 


diy that the 
{ ered by Kirche 
dation laid for the science ‘or sale not 


m of these dark lines in the solar spectrum 


RY 
¥ compared ina powerful s} : 
lines in the spe« ain met apis » anal these vap absor 

met k t which they are able to emit 
ins these metals in the 

light proceeding from 

the sun which lies 


toatiain to in 
metals * hitherto 
en in. number 
With other metals: inst , Icium, chromium) 
i eal c cadmium, 

lithium: n * hk 
lines of cert eir dai esentatine n 5 m. Hydrogen and 
inthe sun, Fri 5 that there must be : t ope Tie Aarts 
some kin bright lines of . sist antity surrounding the 

line 


ne of incan- 
ch ge 
ed prot 

dity with which 

urface is enormous 
shown by Lockyer 

h which our most violent 


n in th 
dark in th 


with Fraunhofer s pear as dark | reas, i 


mn of the ch I consti 


s thro 
Instead of then seeing the usual soda spectrum of 
A yellow double line upon a dark ground, a double dart 
dentical in position and breadth with the soda line, will 
seen to intersect the continuous spectrum of the whitt 
ht. “Here then the yellow flame has absorbed the sune 
kind of light as it emits, a consequent dimi 

sity in that part of the spectrum has occurred, and a dark line 
as madeitS appearance. In like manner the spectra of mab} 
other substances ha reversed, each substance in the Pascorery to Dr 
state of vapour having the power of absorbing the sammegay® Wy magnesium, can 
for such raj J uth, and mercer Calciun 

ce of dark lines in the se F snd pgra Me*CUrY ; whilst s only sodium, m 

eincident with bright metallic lines, now beromes © with certainty been detected 

these dark lines are caused by the passage of whi re e spectra of some le 
hraugh the glowing vapour of the met Sra the stellar a striking 
spectrum of 


ie atmosphere 


t will be remem: 
inasmuch as each 
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¢ whole subject of solar and st 


bodies will become more in ‘ 
SR Eagles more intimate as 4] CHEMISTRY OF THE CARBON COMPOUNDS OR 
methods of experinfet ahd observation are gra Become 
[For fuller information on this . ’ . 
“Lectures on Spectrum Analysis LESSO 
in Elementary Astronorfiy.”] 
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ndamentally 

n from any inorganic 
terme] an 
prod 


24 
bodie large 
no less than 173 atoms 0 
Pedine cause of the rmlti ki 
to be found in a fundame 


to forma dist 
Carbo 


1 is marsh ga: 


more of th 
y step, for chlor 
ucts axe obtained 


CH, CH,Cl CH,CI, 


The four combi 
aturated 1 y 
atoms, but 


sulphid 
two dyads in hydr 


N) and a mionad (H 
When t e together, & 
p of atoms is formed : the simplest case 
pliction of the: carbon clement is hat of 
combination of one of the fo g units of one ato 
the coed the, (ur units of the other arom : so that two of 
the eight original combining units are saturated or dispo 
only sé remain free to combine 
the type of the mono-carbon series, C,H, f 
dicarbon serie ad similarly, CH, that Of the teat 
; and no compound of any’ of these three. series it 
jown containing respectively more than four, six, oF © 
5 of a mor 


med nonssatwrated ini 
Broperty of uniting lvocly witht 6 
ntity as to fill up the vacant combini 
oxide and olefiant gasboth com 
unds, which 
e sti on the other hand, 
a combination of chloringwith 


mpossible to obtain 
npe 


raphic representation of these threg typical 
Jp to render their mode of formation more 


From these figures it 
Recessary to pass up theseries, actually 
be cxperimentally made, and the higher and more complicated 
Garbon groups thus obtained by syndiesis from the lowest neg 
Simplest one, whilst this, in its turn, can 
ments. ‘We are well acquain 
A artificially prepare 


of CH, 


prepared from 
d with no less 
members of this series, con 
fatung {0m one to fficen atoms of carbon, combined yichey 
series pe guantity. of hydrogen ; and each member of atc 
forms a starting-y for a number of peculiar 
Fama tcostaining a common constituent, and eaktne 

a family likeness - 
The compounds obt, 


on ined from each of these / 


ef ‘mono, di-, tri, and highs 
indeed be compared whi io st 
tach different carbon 

BrOup of atoms of 
tt in these com 
Salts and t 
iver, 
Subs 


lO which the 1 
he radical 
ces jus 


the metallic 

pound radical has bee 

ad in each of the three typical 
found to be a hydrocarbon, 


as cee is the 


And by replacing the sar 
radical’ hydroxyl, OH, in ea 


portant clas 


i 


ules of the 
and propyl, CH, 


uliar characters to exch series. 


As in mineral chemistry 
ne of which are m 
ongst the 


and which th 


CH, cthene, 
h containing two 


from th 


have radicals (see p. 


H,, and propenc, C.He 


‘ toms of 
three atoms 


f carbon and h 


ot CoH 


or derived 

arafiin grgip of 

Other carb are, ‘however, 

rated, but cor carlon atom: 

nited together than ahe members of the 

principal graup of these substances is 

aromatic group of organic bodies. Thus the 

ila of benzol is ‘CH, and in this body eighteen of 

twenty-four combining units of the six atoms of the 

¢ carbon aturated by combination of carbon 
bon. 

It is found that, however the carbon atoms may be 
d together, the combining units which remain’ un. 
ated are an even number: from this and from the 

character of carbon it follows that the sum of 
ms of monad or t lements united with the 
bon must be ; whilst the number of 


ad eleme restricted, 

We shall first stud; ‘operties and mode 
of some of the most important 
group, and then not chief propert 
ties of organi 


Empirical and Rational Form 

The simplest mode of exp: 
am organic compound is to ¥ 
the constituent atoms 


cH, Ethyl hydvie 
Gio Ethyl acon 
GUN Ethylamine, 
Guo, : Acetic acid. 


ressing the composition of 
ie down the number of 


se Fepresént the so . nae 
called ns f the substances, 


rica 0 Amongst the very 
atten carbon compounds, it happens not une 


aE twO or more organic Foie 

j ganic bodies possess the 
tombs! composition “acre 
SHEE of the same, of 


they contain the same 


nents}, although n 


they differ in 


idea of & 


®.. GH 
nydride 
iH 


lainine, 


This denotes that the m 
the first three com 
ater in which one atom 

hyl, and that ¢ 
ammonia. The formu tic acid 
consi oms of 

tis th nula cannot possi 
oy Be a thus, for instance, 
r acetic’ acid by the 


2 en has be 


relation # 
hows that it maybe 


formula : 


tach wo atoms of carbon 
attach i the bracket), of which 
ms of hydrogen, and the 

1 hydroxyl OH. 
that the forma 
to point out the actual position of the atoms 
but simply to show the deportment of the 
in th have frequent_ occasion 

nd rational formule of differ 

substance, according to the nature of 
F propert n we desire to.explait 


other with nay ad 
Tes therefor 


and the 1 
> to remembe 


reaction oF pecul 


ge cate 
ical pro 
of sud 


Carbo same percent 


mnical and physi 


on compounds having the 


1 diffe 


erties, . The 


Position, whi 


to Compounds 

atoms in the 

bons, having the 

4 merism® can only 
fe 6f arrangement of the carbon 
s do not possess 


: the_ series 
meral formula, C,H, 
rom.a different m 
ee term: 


CH, 
cH { 
CH; 

CH, 
The fourth term, C\Hyy is derived from the third by the 
replacement of one atom of hydrogen by the group CH, 
thisreplacement can, however, take place either with the 
atoms of carbon lying at the end of the chain, or with the 
central atom, and we thus obtain the isomers Jee 
CH, CH 


CH 


t term three iso 


C—CH, 

CH, 
3 E 
cH, pHa 


In the high 
Of icone MERE Members of 
mers rapidly increas 
Pounds of th 
Ayarides by 


His seties the possible number 


fin gr 
Broup can be 


phicenent o derived 


f one or more 
of atoms, 
nection 
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= OLYMEKISM AND METAMERISM. 

isomerism drise. ‘The following examples i : 5 
decmresiss Sees The e occurrence of diffeygnt radicals 1 

hen 4 number of atoms, but giving rise to different 

Props Tod Q Out of the large number of such ‘metameri 
CH : ay serve as examples: 
in ‘Trimethylamine 

CH 
N Yc Hy. 


(cu 


iv 
CH, CH 
‘ 


2 CH a H 
COR om oO « ) GBH, | 
cHon cH, OH : Gujo f° cd f°. 
du, 
HoH Ci 


Ethene Chloe Ethidene Chloride, 
CH,CL CH, 


LESSON xxvull. 
DETERMINATION OF THE COMPOSITION OF CARDON 
CH,CL cue. 
With non-saturated compounds a. still larger number sn zen 
possible, inast the hydrogen atoms ma 
i pos much y ns mayb Fi s bon, and most of 
ion of these two constituent 
the method of angi 
Polymer ism—Comp , aoe : all organic substances, 
entage composition, but havin ated to red re5 OF Cope ee 
 secrmed poker thus series of polymer: hat edness with excess of oxygen, it under 


5 Sf Carbon and 


carbons is known whi tains di many atoms of | Emon gibiete com idk aca ren Bene oxidized to 
j hydrogen as of carbon and the hydrogen to w: ater, 
; intity of these two product? 
ht of the substance we can 

and of hydrogen which ‘he 

ma ami Of the organic compound can sither be 

The follow ing compounds are also polymers i its cahper oxide (Cuo} “hich adil fe 
prc ee athe d ir carbon ta red heat, in 
Adee 10. oe nstion being. carefully 
CMO, Peden theta Aveket quincy General strg 

famerion —Vories ponsessing the same perseaOGE ma", OPDer oxide | BIRO a cee ated By 


and the sume molecular weight my 3 60) 
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in length, end drawn 
and open at the other 
¢, & quantity o 
{granulated 
Sufficient to fill ab : 
ance is well mixed with 
69) ; fresh oxide is th 


wire (0, F 
being well cleaned from every possi 
substance, until the tube is xearl 


The apparatus inten 
now attached to the open ¢ 
fitting ¢ 


potash 
drying t 
joining (e 
with them i 


produced. 
: The coml 


bustion m: 


plicg so that 

arbonie acid contiaues*until the 

whole length of the 

of the eaPbont 
athe 

by sticking 

end of the 

ny, in order to caller 

Hall remaing fn th 

hing the drying tube 

must be taker and 


uid, it is sealed 
p drawn out to a fine point 
t bro and the bulb 
ration con 

ained in 

tube to 

formed and would 


p 
ntain in the form of 
dered, 
with solid caustic 
based for determine 
ic bodi 0 

dies: it consists 
tance with a mixture 

id collecting the 

cid, and estimating th 
Produced by we 
160 parts. 


this reacti 
quanti 


35 parts of 


ne nitrogen is contained as an 


ELEMENTARY CHEMISTS ceenees 
organic sulfstance, the foregoin ss 


and oxygi 
oxide in th and oxyy 


loyed, 
be employed 


oft 


40 


337 = 
ain.the relation between the com- 


stituents present. Thus we" sce 
ases produce 


the composition of 

Oa beg wardo 
eas ke ; bs z h ins a still higher umber of 
camstancss of * r o decide thisepoint, and, therefore 
nitrogen can, of t Z “i if substance, we must 
ny clara * te ‘ ompound of it with some well-known 


cofes. off in 
by caustic 


m_ of hydrogen in 
atom of silver ; that is, we 
" and O, in the ascertained 
hich h 7 7 a comy with one atom of 
at find that only one such compound 
ver and acetic a we find by experiment 
that 100 parts of silver acet ain 64°68 parts by weight 
silver; hence, the weight of the carbon, hydrogen, and oy 
2 X 107'06 
64°68 
werer, one atom of hydrogen of th 
ed by one of silver, so that the mole: 


id is found to 84 


et ween the found (59'8) and 

forma ae} TH calculated (59°8 ecular weight arises from unavoid- 
: aa enalgais of piocial se cathy the errors made Feriment ; the more analyses of the ee 

fram of substance was found to yield 0'580 gram of agi be ae Made, the nea he mean result approach 
acid, and 02 of water; hence 100 par Jt calculated nimbe, a oe 
seas cd by meng te Molecular weights of organic bases 
Bi Le by asc the weight of the substance 

Hydroy 6 REA. Tn the evo" Weight of hydrochiorie ae 
Hydroge fain organic acids and bases, 

taining different proportions of 
mand bydrochlorie (or other wegy a et 
mics a matter for con: an which of 


troor st In the case of cnc! 
sivecr More compounds 
= iar’? (Or other mer 


ee", and it Loco 
If we divide these numbers 


ases is determi 


pounds, which never fail t 


Eibstanze. The same methé 


other b 
realy 
T 


viz, th 


have aleestd 


ndies, such as 


point out the true ch; 
of de: 


turpentine, & 


into combinati 


is one most importan 


fe density oF sp 
apie lb; 


sd by the fa 
and tha 


has a den 


This 


ompounds ¢ 
to control th 


ascertained by t 


by the formula CHO) ;* the determination of vapour desi 
t, gives the number 59°8 as the density of acetal 


ne molecular we 


h a metal o 


propert: 


Dodi 


fe tat the. Spout 
volt 


neral law, 


m purely chem 


f 60 


al ¢ 


cetal must be 59° X # 


20 


TERMINATI 


1 not C,H; 


vapour den: 


site 
fear dete 
D By 

2) By a: 
ine 


ining the vapour 
ht of a 
une of 
Dcesses, a 
ubic centi- 


certaining the ze 
ertainin 
first of these 


it 200 to 300 


k; the exact 

in temperature 

id, a small 

to be determined 

ted by plunging it 
t mper 


to find the weight 
ler certain c 


n have’ t me 
A egal volume of hydro 


following 
drocarbon 
filled 
ht of globe fill 
t no chan 
experiment, no 


f a volatile 


MISTR 
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for pres: 


sveighe of the vac 
he deduced from t 
air at 0° ‘ahd 760 mm. weigh 


and 1 


3 gran 


this 
01489 gram. 

t 110" will we 
weigh 010896 gram ; 178 
126'9 che. ofhydrogen at o° wei; 
t of 178 che 


y of the vapour, as found by 


pstance is CyHyy oF is 
many minor coP 
sion of the glass globe, the emt 
not considered; the 

ficiently accurate 
jar weight of * 


t low” find w 
of hyd 

t to 13 

h o°01137 gr 
of hydrogen at 110% 


be 
n ; and this 
Hence 


rimen la 
ular we 


of the si 
In this ¢ 
as the expan 
I thermometer, &c., arc 
ives results which 
when the object is to control. the molec 
The second method of vapour density 
consists in ascertaining the volume occu 
mats of substance when heated up to a temp 
siderably above its boiling-point. ‘The mode of 
is in principle the same as that of the former method, 


ed by 8 6S 
see 
eit 


; 


BOILING-POINT. 


ation the rea@er must refer to the jarger 


d Fracti 


hols, chlorjdes, &c. (p. 246), rises with 


mal DistillatiBn 


nic compounds 
cal compound has, 
xed and constant 


. 


; 
determinati@® F the incre, 


g boiling- 
B-point 
The arrange. 
8 at different 
ion is represented in 


uids boil 
tional distillat 


the liquid alr 
pver is remov y flask subs 

brtion of liquid n 
proce 

boiling. poi 
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LESSON 


CARE AND SULPHO. 


ARBON 
CYANOGEN 


n that a series of com 
dical, CN, called Cyan 
following an 


tant of the c 


of the most i 


Acid, 


Cyanamid 


0 be con: 


i acid acts in mat 


derivatives of a 


remarkable for forming s 
thus we have liquid cyano 
solid cyanogen chloride, 
Ns} 


Ht,’ $ 
Cyomogen Gas, Dicyanogen, EX | 


SH 4 ©, and cyanuric acd, G 


This subst 


ed by heating the mercury ver anid it i 
* | quantiti Ss f 

ea papers have already been tne toned (p85) 
ae the oxalic group, 

i ¢ xamide molecules of water 


dciid, HCN, —Hydweyanic 
d by the direct unjon (with- 

and acetylene when 
tric sparks is passed through a nfixture of these gases 


N.+ GH, = 2 HCN, 


Acid, o Pru. 


The mode of preparation and chief properties of this sub 
Ge hare soecy boca estonia Oe Sib 
i d herefore be kept for a 

stale or in aqueous seltion, 


sition, and 
ie pu 
monium formate, thu 


CHO} 
° 
NH,j 9% 


With chlorine and 
and bromide, The best 
y hydrocyanic acid is founded on the 
formation of Prussian blue. “To the liquid containing the 
tala few drops of a ferrous and a fetric salt are accion; 
Hi excess of caustic soda; and lastly, anexcess of hycho! 
ricacid : the formation ofa deep blue liquid, from whch 
P blue precipitate separates either at once or alter a Kets 
presineaticates the presence of hydrocyanic acid © ae 
porating sot this substance may also be ‘recognised by os 
Porating some of the solut ch-glass with ammo. 
Ham sulphide to dryness ¢ th dding a drop 
f fric chloride, a deep red ferric thiocyanate 
Produced, if hydrocyanie 4 
he simple meta 
Action of roy 
%0 these a large ou thes 
these a lange number 
tyftlestivm Cyan 


HCN +2H,0 


cya are forn 
na me 


ed by 
ic oxide : 
are kn 
formed when pot 


in cyan 
aaueous hydrvcyan Teis prepare 


ded to 
Pan Sale by sing Worse It is prepa 
The iron is ag vl 


the direct 

inaddit 
ium is 
sh 
with 
and 


“assium catbonate, et 


ELEMENTARY CHEMISTRY — 
. y tu : PRUSSIAN BLUE, 
m takes its plact. Pot 4 ‘ 
sult, very goluble in water and hot al : ves ingpure water with a deep 
without’ decomposition, and acts a: : A aqueous solution of a ferrous 
SI ReN : If by precipitating Yellow prussiate of potash with 
salt, KCN ++ I greater q Bae FALE VIC restate OF BO aE 
clectrotyping in gold and silver : po) ick is rao 
Boca ne saci tad ance Rte, eeceipitals: wisi chi 


1¢ of copper ferrocyanide 


id to a strong 
acid, 
four 

The other the acid até replaced by an 

e most important i 

brownish-red copper cyani ting "potas de, K,FeCyg—This salt, called red 

these compounds, it is us e88 " 5 ed ‘by passing chlorine 

symbol Cy. Amongst th prussiate, which loses one 
those of potassium and iron are t t importas se | atom of p ion must be allowed to continue, 

the iron 1s contained in combination in a diff a drop of roduces no blue precipitate with a 

| that in the ordinary iron salt preci ric t ie salt separates out in deep 

j tated from the cyanide solution by s ed prismatic crys 

or ammonium sulphide. Simi 


gam on an aqueous solution 


i cobalt and a few other metals. i : ‘erted into ferrocyanide. With fe 
Potassinm Ferrocyanids, KyFeCy alt, com eri gives only a brown col 
| called yellow prussiate of potash, a large scale precipitate of soluble Pris 
by heating nitrog ‘organic matter with potashes and | Mw Fe,K,Cy,,, is formed, 

iron filings, On dissolving the mass in water, and evapose | When insoluble Prussian blue is acted uy 
ing the solution, large yellow quadratic crystals of potassium’ *€€t5, it yiclds another bluc, called 1 


louration ; with 


n by oxidizing 


ferrocyanide, containing three atoms of water of crystallize 


tion, are deposited. It acts as a mild purgative, and it . 
not poisonous. When heated strongl: pease © Fe,Cyig + 30 = 4 Fo,Cyyy + Fe,0, 
cyanide and iron carbide, and when treated with dilute sy : 
phuric acid, hydrocyanic’ acid is formed, By the action is compound is also produced when soluble Pruse 
strong and hot sulphuric acid, the salt is decomposed, and § Use is precipitated by a ferric sagt “e" Soluble Prussian 
carbonic oxide gas evolved ; thus yd MImivanide, or Ferricyanic A 
K,FeCN, +6 H,0 +6 H,SO,=_ by ee Rerrecyanides are a pecul 
6 CO+ FeSO, +2 K,SO, + 3 (NH)S0% Sodium gig" oF nitric acid on potassium { 5 
2 if Woduces vty NSF CCY.NO, crystallizes in roe nee, Th 
Ferrous salts produce with solt - P purple cyte slightest trace of an alkene em 
which quickly becomes blue posure sab Gres Coot allcaline 
salts produce a deep blue precip hone, Chlorides. Cyanogen 
fan Blue, Fe KsCyx; th nce is in tide Which exists 25 ees 


HyFeC 


@ peculiar class of salts, obtained 


—C ms with chlorine a 
in two polymeric modifications : thes 
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both obtained by the ae 


Liguid “Cyanogen Chloride, ¢ 
Solid 
- cy) 
ae HY 
gyanatep are readily 
eyanides, and by the a 
Cyanic actd itself canne 
its salts, as on liberation it at onc 
modifications called <yanunic 
poses by combination with w 
urea. Ttean, however, be ¢ 
in a retort, and collecting the volatile 
mixture ; it forms a colo 
diately changes into solid cyamelide wh 
ixture. » Cyanic acid in aque 
at once with water to for 


o—Th 


formed_by 
of 
be F 


“Hiquid, but i 
a taken out of the 


ammonium carbonate, 


CN} 0 +2H,0 = NHHCO, 


and with ammonia to form urea, 


Nioay 
HO + NH, 


anic acid is a monobasi 


CONHy 


formed by 

‘This salt under 

aperatures, and at once at 10) 
being trans! 


Ammonium Cyanat ringing 


NH,} 
together dry ammonia and cyanic acid, 


goes gradually at ordinary t 
@ remarkable molecular chang 


acid is 


7) 5 Ps 
+ | O,—This polymer of cyan 
is : or 


i 


substance formed on heating 3 

g with water on the solid cyanogen chlorides | 
melide is another solid polymeride of cyanic 

ther solid polymerid nf 


Thiocyanic Acid, §% }$.—The potassium salt of 


yrmed into 170 | 


CARBONYL COMPO 65 


ee eee 
wasstim ferrocyanide with. sulphur and 

ium thio. 
The acid may be obtained by 


allizing, pota: 


fcosbpeouedss ee 

CNSH + H,O = COS + NH, *, 

nate is brought into oi act with 
louration of ferric thio- 

The mercuric salt, C)21S,, is 


When a soluble thio 
a ferric salt, a deep b 


ate Is for 1 white 
which burns when heated, swelling up to 


ble powde 
the preparation of the so-called 


Pharaoh's 


and 71i- 


dic compounds 
on of which the larger 


CARBONYL AND SULPHO-CARDONYY, co 


-OUNDS. 
The radical carbonyl, C 
ate 98 carb 

the following 
catbonyl “chlor 

dioxide, CO.0, 


a dyad, 
| COCK. Carbonyl oxide or 
Carbonyl sulphide, COS, 


1 known in the free 
oxide gas; from it 


4 NH 
1 NH 


ical Slphocstbons Bho it 
in the fr Many of the c urbonyl com- 


Mork, stoned under carbon in the inorgan, 


sumed, 
Pounds 
Of this 
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rionyl, CO.—Carbop monoxide unites ¢ 
t0 form carbonyl chlor 
e gas); with pour et 
© form 
to f 


Carbo hloria “lyy is formed 
and dry chlorine gases are brought togeth 
t the ordinary temperature it is a 

led Te condenses to a colourl 

and possessing an unpleasant, sufi 
with water jecompo 
hydrochlori 


hen dry 


cid 
COCl, + H,0 = CO,+2HC. 

Carbonyl Sulphide, COS, is formed b; 
Bkide gas and the vapour of sulphur tog: 
heated porcelain tube, or better, by acting on potasas 
Thideyanate with dilu hurie acid. It is a colou: 
gas, which burns with a blue flame, and has a peculiar 
somewhat resembling that of sulphuretted hydrog 
absorbed by caustic potash with formation of polassi 
sulphide and carbonate 


Carbamic Acid, CO} NHs, is not known in the free state 


but the ammonium salt i 
and dry ammonia gas are brough 
forms ammonium carbonate 


her ; with water it 


| 
| {NH 
| cof NH, 


01 ONiH,t H:0 = 


a js heated to 100? with water it ta 


When 
? ‘When heated 


and is converted into ammonium carbonate. 
alone cyanuric acid is formed, but in pt 
m , as follows : 


2N,+CO,43H,0- 


—Thisimportantsubstanet 


of mamroali an 
t is obtained art 


Urea, or Carbamide, CO { ae 


is found in large quantity in the 
mall amount in various ‘animal 
ficially—(1) From ammonium cyanate (sce p. 264) 
» {NH 


CN,NH,O = CO} Ny? 


formed when dry carbon dioxide 


UREA. 
By the action of ammonias on carbonyl’ chlorido, 


nu,=co | NH: 4 an: 
COCK, + 4NH;=CO | Nit + 2NHCl., 
of these methods is that by which urea is best 
For this purpose yellow prussiate of potash is 
h manganese dioxide, and the mixture heated onan 
potassium cyanate is thus formed ; and this salt 
: and mixed with phate 
8 urea is formed, and "this can 
with alcohol. Urea thus 
ears ated needles, which dis- 
Fiive in their own weight of cold water, and to the sar 
hot al d to 120%, urea fus 
ins to stances termed 
higher temperature cyan 
jeated with water in closed 


The 
prepare 
iY , m the 


residu 


xtent 
E decompose, f 


urie acid is produced. 

ubes to 1007, urea form 

ing that it is an amide of carbonic acid, Nitro 
decomposes urea instantly into carbonic acid, nitr 
water. Urea is the product of the oxidation of the nitro: 

genous constituents of the body, and the quantity of urca 

Gaereted is a measure of the activity of the changes going 

Urea forms compounds with acids and with bases, ‘Urea 

ate and oxalate are the most important salts. With 

ns an important insoluble compound, 


wbich is employed as a means of estimating the quantity of 
urea in a solution, poi 


s acid 


5 SH 
ete > 1 SH 


nites with metallic oxides to f 
Gitlphide unites with metallic sulphides to fora akon 
Gasol caries, sodium, thiocarbonate is 1 by 
On adie gator disulphide in a solution of sodium sulphide 
erbon bparechorc acid to an alkaling 
Movn, peculiarly smelling oil. “PACS Out as a heavy, 


Urea, CS 


Thiocarbonic Just as carbon dioxide 


orm carbonates, so carbon 


| Thiocarbaméde or 7 


} sats, na 


Ni, 
{Nile is toca by bear 
tb a peal 


nd, like urea, combine Aes! 


s with acids to forin 
Compound Lire 


acid wicse, Compounds. are 


formed by 
@ compound 


unmonia, ‘They 
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be considered as urea, in which one 
e replaced by methy 


Hyd 


The reries of by 
first term, are distingui 
powerful oxidizing 
they have been term 
when brought into contact jvith th 
products; at first one atom of hy 
rise to the chlorides of the monatomi 
further action more. than one 
Thus, marsh gas y hyl 


h gas CH, 
by 

Hi 

0 substi 
placed, 


CH,CI+ HCI, 
and afterwards higher chlorinated product 
Paraffins can be obtained in se 
By bringing the iodid 
id hydrochloric acid 
CH,I +H, 
ting these iodide 
© iodide is 
her 
2CH,I + Zn = C,H, + Znl, 
The paraffins are also formed in the dry distillation of many 
organic bodie are contained in the coal and wood tf 
as well as in the several kinds of rock-oils, some of whieh 
such as those of Pennsylvania, consist almost wholly ofthe 
hydrocarbons, a 
The following list contains the name, composition, am 
boiling-point of the best investigated of the paraffins 


CH, + Cl 


are formed, 


of an alcohol radical in cor 


CH, + HI. 

in closed vessels together with 
formed and the liberated radicals 
combine t 


Methane CH, be 

Ethane C,H 

Propane CH, 
CH 
Gis 


GHu 
Gwe 
CHy 


Gaseous, Hexane 


Heptane 


Heedecane CysHa 


ns, tHE 
I termed the normal parafin 


these compounds, 


PARAFFIN GROUP. 


“ together in a single chain ; thus, 


pentane is the followin, 
n of pentane is the iz 


~CH,—CH,—CH.—CH,, 


now know .of 
are largely 


The paraffin 


res ; thus, the li 


of pe 
the le 


volatile portions areemplo 
ig pur hilst the still less volatile p 

ful. grease for lubrication, and the highest portions 

f all yield the beautiful white solid now much employed fur 


LESSON XXIX. Parr II. 


COMPOUNDS OF MONOVALENT RADICAL 

Primary Alcohols. ¢ 
lige and importa 
example 


Icohols and the 
roup of orgai 


Characteristic 
derivatives forma very 
ic compounds. As 2 
‘ nay take ethyl alcohol, C/H,0, 
known this substance, in common with all 
theother alcohols of this series, may be considered as water in 
fone atom of hydrogen is replaced by a radical having 

@ formula CH, ; hence ethy! 

Ethyl alcohol is’ in constite ogous t 

‘ sh, KOH adding hydrochlorie acid t 
Oi latter, we pet Kk m chloride) and H,0 ; so the 
‘Movi of all the alcohol radicals 
mie hol with the hydracid, 
Potassium compounds i 

at an ethyl compound existe 
same relation as potassium 


Thi 


hols we n 


alcohol is 


obtained 
nlogy of the 
I further seen inthe {rc 
Which stands to alec 


Monoxide, K J 
dc; K{ 0, (0 caustic pot 


thyl with the 


npound is come 


also have analogous com- 


S} thus we have 


SECONDARY AND TERTIARY, ALCOHOLS. 
fp SecoNPs 


z Secondary ¢ 
Zine chloride, ZA ry 


—T 


Normal Adesbets, 


following i 


ving their formula, and bolling 


# foregoing class of primary alcohols the Fypon OH, 

forefiached to.a carbomatorn at th end of fhe chain, 

ydrohy Ggures OM P- 245.) Other classes of alcohols are, 

(see the Ve exist: one of these is termed the class. 

Falconols th Vis attached to" 

i bower ols these the hydroxyl is a r 

and melting carbo etwo other carbon atoms, Lee are fae = 
Bea ee ob a skeabon tries a 
Se ea cists i9.0 t containing the carbon or 
Serer onl secoadtey alcohols con: 
"he secondary. propyl alcohol is represented by th 


CH; 


| 

CHOH 
| 

CH, 


and is called dimethyl carbinol, On oxidation the second- 
any like the primary alcohols, lose 2 atoms of hydrogen, but 
Yield no aldchyde, but a body’ termedia. Ketone. Thus? 

D Rithyt 
cE CH, 
i | 
CHOH ~ H, = Co, 
I | 
CH; CH, 

‘Teketones, fakeup hydrogen, forming the secondary alcohol, 
mn oxidation they do not yield the corresponding acid, 
lage MP into acids cohtaining’a smaller meson of carbon 
sane following fs a list of the Secondary alcohols at present 

Keg Contain the group CH, and on oxidation 
vmiik Combination with one Stem of corto 


acid whilst the remaining alcohol ‘eadical ar n 


Mind texts, 0m methyl-hexyleakaey Us 
a and Rexylic acida,  ™*Ythexyt-carbinol we 
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List of Secondary Alcohols 


ug 
oJ 
a 
CH. a 
CH, ),CH | CH. OH 5 op 
CH} ¢, 
GH | CH-OF . | 
CH} 
CHS 
CH} 
CH).C,H; § 
CH, } 
GES 


CH) ¢ 
Dimethyl‘carbinol cut CH.OH, 
is CHy) 

Methyl Cu{CH.on, 


Methyl-isopropyl-carbinol . 
Methyl-propyl-carbinol . 


Methyl-butyl-carbinol CH.OH , 13 } 


Methylamyl-carbinol CH. OH . yy 


Methyl-pentyl-carbinol CH. OH . 169 


Methyl-hexyl-carbinol 


CH 


a} 
Gu, {CH.OH 


Methyl-nonyl-carbinol 


Tertiary Alcohols. 

A third class of alcohols exists, 
(OH) is attached to a carbon atom whi 

three other carbon atoms. These 
&c, and on oxidation they at once is cm 
taining a lower number of carbon atoms. term 
this class is that of the 4 carbon series, tertiary but alcboh 

or trimethyl carbinol, obtained by the action of zinc methy 
acetyl chloride : 


| CH,CO.CI + Zn(CH,), + H,0 


which the hydrox! 
is placed between 
hols yield chlorides) 


CH 


af 
on +20] OH 


The following are the members of the tertiary alcohol Er% 
as far as at present known :— 


Trimethyl carbinol . 


Dimethy-ethyL-carbinol 


Dimethyl-isopropy 


METHYL. SERIES 


° . 
(CHy): 1 co 
pimethyl-propyl-carbinol Hp: | con 

Methyl-diethyl-carbinol 

ariethyl carbinol 

nyl-propyl-carbinol 
MONOCARDON OR 


METHYL SERIES, 


Alcohol, CH OH, commonly talled wood spirit, —It 

Poent, of the aqueous distillate : it is likewise met with in 

nter-green, derived from the Gan/theria Procumt. 

ie can likewise be’ synthetically built up 

from ts constituent elements by means’ of several compl 
fated reactions, which will afterwards be mentioned. 

Pure methyl alcohol is obtained from crude wood-spirit, 
ch itis contained mixed with a variety of other ot 
compounds, by forming a crystalline methyl oxalate, 
C0, : this, on treatinent wit 


ields the alcohol in the pure st 
colourless, mobile liquid, possessing a pure spitituous smell’ 
we specific gravity of the liquid is o'8142 at & and ite hele 
ing point is 66°. Tt burns with a non-luminous flame: ara 

soluble in and miscible with water. Potassium dissclves ig 
methyl alcohol with evolution of hydrogen and formation 


CR}. Methyl alcohol when 

fist on by oxidizing agents yiclds methyl al 

fiimicacid. By the action of bleaching-povdes oy eat 

sad afgchloroform is obtained + acted uben by hy eon ke 
thyl chloride a % 


Acid, the alcohol yields me 
e action of strong sulphuric. nerd 

Tener song, 8PHUTIc acid on methyl al 

sisantes ust be mixed with se, a8 great heat ence 

Bike ee omc. ‘The iret substances (eee 

Mirogen-methyl-sulphate, CHs so, a ra 
» “H" |S0, (by exchange of hy- 

Atogen for methyl), and water, 1} °. 

Nethyl-sulphate comes in contact 


h water, is decomposed, 
Methyl alcohol is a 


f potassium methylate, 


‘ohol is 


When the 


hydrogen. 


ct with another molecule of 


CHs] 


cna” 


we get either 


the water 
exeess of sulphur 
‘Methyl Hydride, 
this gas occurs in nature a 
It can be obtained easily by heatt 
caustic alkali ; the acetic acid split 
CiH,O, = CO, -++C 
¢ obtained by passing t 
her with sulphuretted hydrogen 
tube ; and in this way it may be bu 
elements. It may likewise be obt 
iodide 
jess inflam 


pide 
through a red 


nable gas, which b 


nous flame, and when’ mixe 
usly explosive gas. Most ¢ : 
on this hydride, but chlorine attacks it in the presence af 
ight with such violence as to produce an explosion. By 
waction of chlorine, several substitution firoducts are 
ed, amongst the chief of which are methyl chloride, 
CHCl, chloroform, CHCl, and carbon t 
Methyl Ch CHI, is 
nden: 
hydrochlori pentachloride : it is also 
formed along with other substances by the action of chlorine 
upon marsh gas. When heated with potash in closed tabes 
to 100" potassium chloride and methylalcohol are formed : 


CH,Cl + KHO = CHlo +Kcl. 


dide are colourless liquids, prepared by 
‘ohol with bromine and iodine in presen 


J acts onan 


Chloroform, CHCl, is formed when ch! acts otal 


it is prepared by acting upon meth 
bleaching powder. It is a mobile 
powerful and agreeab 
at o%, and it boils at 6 
Producing, when it 
perfect insensibility to pain, and is therefore. muc 
gical operations. Many other organic volatile 


ca | eat 
I 


a5) 1VL SERIES, 

harmlessly 
to the pre 
ym, CHI 5, 


0 effectually and 
mpound, analogo 
s termed Tod 


a similar manner, but none 
mm. An 


has been prep 


urless liquid, boiling 
action. of chlorine 
aght into conte 
an Op bsti- 
, tnarsh gas angl all the 


t of the 


ules and sweet-smell- 


ff the air; but condenses 
prepared by heating the 

lready described. 
‘a methyl iodide is heated with 
nds of the above com- 


ing gas at the ordi 
at 21" to a colourless 
Methyl 
silver cyanide, two isomeric comp 
positon are formed. They are both colourless liquids 
h boils at 58, is characterised by possessing, an ee 
emely disagreeable smell. This cyanide; which is called 
amine, is easily decomposed by’ acids into formic 
methylami rs zi eae 


+ CH,0, 


F 
F 
I 


From this dec 
cl with th 
ner has been 

ling a 

ulphai 

» In 
Reetic acid 
eet 

cH, 
CN 


The constitution 


feat ft face th 


Presence of potash i splits upintc eee OF 


Water yicd Ammonia and 


NH, 


Aces 

(CH. 
+ coin 
of this substance is still 


m cthylamine ; = 


Aci, 


2H,0 — 


more clearly 
rectly with nacent hydro 
itl and Hydrogen yicid 


NQH, + 
© that the 


Edyta 
2H, = N(GH)Hp 


Heace we g 
two atoms of 


bon are combined 


ELEMENTARY CHEMISTRY, al 
¢ ox 
together, and that this cofapound really belongs to gh, 


thy 
series and we give to ithe rational formula cf SM 


LESSON 
DICARBON OR ETHVL SERIES, 


‘Tue starting point of this important series is common alcoho) 
or spirits of seine, CqHeO ; this is the ethyl hydrate, and, ie / 
its numerous and well-known derivatives, contains the mais} 
ethyl, Cie toi 
Ethyl Alcohol, C,H, OH, is obtained in the vinous ferme 
tation of sugar, a decom ted in aqueous suger 
solutions in presence of alcohol and carbonic 
acid are chiefly formed ; the other products of fermentation 
are described under Sugar (on p. 330)- 
Alcohol and alcoholic liquids are prepared in large quam 
tities by the fermentation ‘of sugar’ derived fr 
sources. The fermented liquid is distilled, 
spirit thus separated from non-vok 
Fned in a more concentrated form by repeated 
ifcations, as it boils at a lower temperature than wae. 
by simple distillation, the strongest spirit which can thes 
To withdraw al] 
prepared containing 10 per cent. of water av al 
the water, the spirit must be distilled with some substan 
spable ofcombining with water, suchas potassium carta 
or quicklime. ‘The pare liquid this obtained is termed ht 
tale alzeholy td wi colburlets, mobile Viquid, poss ssn 
pleasant, spirituous smell and burning taste; dit boils 
zravity at 0° is '80625, and at 15°,079367 s and it Dale) 
78%4 when the barometer stands at 760 mms. Sy 
been solidified, becoming only viscid at a tempe 
100°. Alcohol is very inflammable, burning wit 


rn ng Mereat avi 
nous blue flame. It absorbs muistare ¥ poh ‘eval 


synthe 
ts by synth 


ae ETHYL SERIES, 


combines directly with strong sulplyu 


acid, forming hydro- 
1a 
gen-ethyl-sulphate, 


let so,; and 
wwater, forms sulphuric acid and alcohol by exchange of ethyl 
for hydrogen a 


CH} 
HS 


» when boiled with 


$0, + Jo = Hi}, 


GH, 
+ Es Oe 
mbines with hydriodic acid to form 
ns alcohol when heated witl? caustic 


salts, as well as gases, dissolve in alcoho 

ts as a solvent for resins, organic bases, and essential 

oils, many of which do not dissolve in water. The detenni- 

nation of the strength of spirit, when free from sugar or other 

soluble matters, is ascertained by determining the specific 

ans of delicate hydrometers, and reference to 

the percentage of water, In these 

ations the tempera ust be accurately observed, 

and corrections for deviations must be made, as alcohol ex. 

pands considera! e of temperature, and_ the 

specific gravity is ” of 

the Excise e 

water, and posses: 
Owing to the high di 

the sale of a mixture 
ten parts of woods 


it lik 


ninety parts of strong alcohel wick 
s called methylated sping ati 
Mandy, whisky, and the other spirits contain fem rae 
Pee ant of alcohol ; wines from 17 (Madeira and p art) toy 
ve 8 light claret and hock) per ‘cent,, whilst stent nd 
Potter contain from 6 to 8 per cent. ” beaches 
4 Scshol is decomposed when ite vapour 
Hs thot ibe; hydrogen, marsh gas, olefiant sas, 1 apthi 
Hon steno; ad other products being formed’ eet 
Rete ang! iSttansformed Grst into aldehyne inde feo 
l. ly be effected by the atmo. 


Spheric oxy, s 
Rens NGM certain fermentable boa stats oF more 
P31). The alkali-metals attack 


drogen, and forming potassi 
K. “Hydrochloric acitl fa 


Ss passed through 


alcohol 
loric acid forms, with 


hol to form 
a substance whi 


t 
uiphate 


~ Etker, or Di 


stance K form 
The m 
that o 
exchange of ethyl 


a variety of way 
reaction by w 
n potassitim e 


nd ps 


from ¢ 
ich ether can be 
with ethyl iodide 42 


Euhy! 
Todi 


ca a 
CH) 
GHyl + Stilo, 
Another reaction by wh repared on the lange 
scale consists in heating a mixture of alcohol Ms 
mcid to, 140%, when ether and water 
I here take place 


id sulpbune 
compositions wh 
alcohol and st ai 


place 
ind Wi 


fe (sulphovinic acid) 


Eratomes 


xt comes in contact witha 


This hydrogen-ethyl-sulphate ceil 
ed. 


cond molecule of alcohol, 
for ethyl occurs, and ether and si 


Se add reaine behind, ready again © 0 eas 
es of chang necting with two other Nee 
1. This pro is called the conti mous ce oo 
a current of alcohol may be passed cont 


° 
, 


> 140%, antl a regula 

ined 

iquid, possessing a strong 
than water, specifi 

Et 
ro: 


» very mobil 

It is lighte 

ible with, that liquid. 
es heavier t 

cl like ca 

a luminous flame, and expl 

From its low point great car 

explosion: working with thi 


ixed with air. 
tbe taken to i. git 
g to the vapour becoming mixet with air 

attacked by oxidising agents, "yielding 
same products as alcohol ;~and also acted upon 
by chlorine, and a large number of substitution products 


ers contain! obtained 
or instance, with ethyl iodide upon potassium 


Methy1-Eaby! 


CH) 
+ cE} 


ium and 


Eshyl Iodide and Potay 


GH. + 


or by a CHs} so, with 


» HY 
a list of some of the more 
of this series : 


ting on hydrogen-methyl-sulpha 


hol. The follow 
important simple and 


ixed ether 


Table of Simpt 


ible and Mixed Ethers, 


thy) ether 
MethyLethyLether 
Diethyt 


MethyLamylether o 


Bibybbutytether . . c Ho 
Hy 


Bivlamylether GH,o 


Dibutylether . 


Ethylhexyl-ether . 


C,HyO 
CHG 


‘eranylether . . 


+ CyH20 


thaws, or Ely! Hye 
obtained by heatin 
to 150 : 
2 CHjI-+Za = CH, + Znl, 
A from eth 
d tubes to 150" 


CH, + Znls + Zn0, 


, tasteless ga 
dayligh 
ha 


jure 
lorine, in difus 

: f cho 

a series of further chlorine substitution 
the last of which is carbon tri hloride or hex: 


Gch 
Etiyl Chloride, CyH,Cl, is 

having an ethereal, penetrating 
h hydrochloric acid gas, or b 

chlorides upon alcohol 


Hy} 7 + H,PO, + H,0. 
FO + PCl, = 5 CHCl + HPO, + He 


On heating the mixture, volatile ethyl chloride is give 
which must be condensed in a freezing mixture 
chloride boils at 125. 
Ethyl Io Hyi, and Ethy 
tained by acting upon alcohol with iodine a 
presence of phosphorus. The iodide is much used 
preparation of other ethyl compounds, owing 
ith which the fodine can be exchanged in double d¢ 
5 It isa heavy colourless liquid, boiling at 77 
having a specific gravity of 17946 at 16°. his 
Vanide,or Ethyl Carbamiine, Cy8,NCH THs 
formed, together with its isomer propien 


n of 


Ethyl 


0, the facility 
ple decom 


i, 


{ 


ETHYL 
xxx] 
on ethyl with 
od by heating 2 solu 
orm and caust 


acting 
prepares 
Fhorofo 


sol Chloroform yi 


CHCl, 


The boiling pont of evan 
lami 
pitti, 

isting potassium-ethyl-sul 

iattty be considered as a nit 
carbon series (pr 

Jus propionic acid : 
- 2H,0- 


cae 

when acted up 

GHCN + 2H, = C 
portant, as it is one which 

alcoholic eyanides, and enable 

higher carbon series—in this c 

thy! Nitrite, CH,NO. 

liquid, boiling at 167° by di 
phuric acid and potassium n 


CH,HSO, + KNO, 


nt fron 
macid reaction, and o: 
Solution of soda yields a cor 


COMrot 


silvertyanide, 11 
of ethylamine in a 
nt 


Cu 


e of ethyl i 
smell 


netrating 
ne and formic aci 
boiling at 97°, 
iphate with pota 
rogen compound (nitri 
>pyl), as on heating with pot 


prepared 


and Ammonia, 
+ NH, 
drogen, yields 
‘This reaction 


14 Propioaie Acid 
CHO 
n by b 
H,.NH, 
‘ommion to all the ser 
s us to pass from a lowe 
the 2- to the 3-carboi 


obtained as a sweet-smellin 


tilling a mixture of alcohol, sul 


rite, thus 
C,H,NO, + KHSO, 


omeride termed 
at 113" and 

methyl nitrite, 

Nn treatment with an a 

mpound C,H,Na NO,, 


ethane yields ethyl: nine when 
Mascent hydrogen. ‘These yenriot sone 
hittite has the constitution CH, o- 


f O 
than is represented by C,11,—N/“| 


formed by th 
Present, as 

acid which ma: 
ion of nitrate, 
4» GHSH.—This o 


to the action of 
that whilst ethyl 
O, that of nitro. 


he action. of nite 
this body tine 
be formed, which 


ompound, known 


sulphuveal 
ulpbur. Tt is obt: 
HKS, with ethy 


as Mercaptan, 
oxygen is replaced by 
potassium hydr 
and potassium 


forms wi 
26, and po 
Teristic of all the orgar 


Ethyk Sulf his compound 


phur series is analogous to ether in the oxy 
obtained by actin, 

chloride, Iti 

sessing a strong 


Hydrogen-E, 


is formed when alcohol an 
Teacts as an acid, and forms sa 
n is replaced by a metal 
kalis and alkaline earths 2 
wel 
Diethyl Sulph 
ether with sulphur trioxide : it 
n distillation and on addition of w 
| Etiyl Phosphates are known : they 
basic alkaline phosphates in contain 
molecules of ethyl, replacing hy 
acid, Thus we have 


acid are mixed 
h the typical hydro 

e ethyl sulphates of the 

luble salts, and ery 


pond to thet 
cither 1, 
ribasic phosphor 


Diydrogen Ethyl Teiethyh 


Phoephate Phe Phowphate 
Cs GH, 

GHs} po, . iO alts) 
Hi| POs; HHP; GH 


Gu) 


CO, corresponding to sodium 


PO, 


Ethyl Carbonate, Hs) 


Cui} 
Ni | COs is prepared by acting upon silver car 
bonate with ethyl iodide. It is an aromatic liquid bi 
at 126. 

Ethyl Cyanates. 


ait H ©, is a thick, non-volatile liqui 


carbonate, 


Two ethyl cyanates are known. 
i i, formed 
‘The 


true cyanate, 


by the action of cyanogen chloride on sodium ethylate, 


CSN is soe 
and possessing a powgrful and 

med by distilling potasstim-ethyl 

um cyanate, In contact with caustic 


intnhate with potas 
i it forms ethyl-amine a 


Nn + K) 
Bylot Rh coms 


: liquid which 


barns with a bright green flame, aiid is obtained by acting on 
a pOrousalcohol with boron trichloride ‘ 
Yhyl Sili —Several ethyl compounds of silicic acid 
Eeiiasilby sheaction ofeilices wens ide upon alcohol. 
pound (GH,),SiO,, corresponding to normal oil 
(Oy is.a volatile, “colou which burns, 


liquid, 
evolving a thick white smoke of silic 


n dioxide, 
TRICARBON SERIES, 


vy Propyl Al 


7 Propel Alcohol, C3H,O, has been found in the 


on of French brandies ; it boils at 
does not mix with it in all 

id to 

ogen- prop; n{ The propyl 
ot been’ much studied ; they closely ree 
of bodies.” Primary propyl 

8 propionic acid CyH,CO.OH 


ee ancy 
andis best prepared frot isopropyl 
Ben (ated by the 
Bae ie fo aie 


action of hydtiodis 
From this isoprogyt eae 
by acting anit with syns 
this again on treatment ane 

yl chloride 3 and this last, 
lean be obtained by the ace 


hol’, d by the action 


to obtain a primary 


TETRACAREON SERIES, 
en ethyl iodic 
and a hydcocark 

e, are formed. 

Hydride is a colourless li 

test of all known liquids, hay 
only 0600. atile hydrocart 
oils from American petre 
the action of chlorine upon this hydride but 
obtained, and from this the alcohol itself h prepared 
This is th it yields on oxidation but 
aldehyde and butyricacid. No less than three other isomer 
modifications of butyl alcohol are known, 

"These liquids differ in ¢ 

in which they undergo de , especially in ther be 
haviour towards oxidizing agents, as will be explained under 
the The primary butyl compounds clos 
resei mbers of the ethyl series, ad 
possess 


with zine in closed tu 
n, CyHy, called diet 


PENTACARDON SERIES. 


No less than three isomeric hydrides containing 5 atoms 
of carbon are known : 
CH, 


cH, cH, 


CH,CH, : 
(3) CH,—C—CHy 


I / 
() CH; @) CH; ; 
! ! cH, 


cH, CH, 
| 
CH, cH, 
Pentyl Alcohol, C4¥,.0, 2.8. 137%, 
acid by reducing first to the aldchyde 


is obtained from pent) 
obtained fom Pe 


aloes not occur in na 
ion of potassi 


‘din the manufac- 
it is obtained by washing 
Tt i ules, 

penetrating smell ; it dis 

her, but is not miscible with water 
at— 22, Two 

one deviates the 

Of polarized light ft r is inactive 
om tion valeric acid, whilst 
similarly treated gives ‘rise. to 

alcohol, like the foregoing alco. 
ogen-amyi-sulpbate 

yl sulphates ; it is 

Vehloride, CHCl 

presence of oxygen and 

5 oxidation to valeric acid : 


d platin 
Amy Val 
GH} 
8 {0+ 0, c 


Potassium ar 


ric Ac 
HP 10 + 110 


od 
iodide and bromide 


can replace the typical hydrogen of 
Potassium or sodium amylate. ‘The 
are prepared in the way as the 


ear akng ethyl compounds, with the substitution of amy! 


H, 
H!| ©, is a colourles 


ained by the act 
or sodium amylate 


§ liquid, ‘boiling a 


of amy! iodide upon potassium 


Amyl Hyg 
liquid, bo 


ride, C.H,.H. 
ling at 30°, obs 
ater ; it occur: 


This su 
ined by heatin, 
the ign s.oF alcohol radicats geese, With 
chlor Om the distiligtiny america 
Moride and alcohol meee °F £0: 4 
nay be prepared, 


tance is a yolatite 
amyl iodide with 
al the hydrides ot 
n petroleum, and in 
From this hydride 


ELEMENTARY CHEMISTRY. 


HIGHER ALCOHOLS AND THEIR COMPOUNDS 


1 Alcohol, CH 
feyt Alcohol, CoH 
butyrate in the essential oil of fer 
at_J57". The correspond 
{OBcther with heptane, octane, 
American petroleum, 


er 

{0 is contained a. 

feracleurt giganteum ; 

g hydride héxanes is cay 
&c, in Z 


Hepiyh Atcohot, ELS} 0,—We know of four j 


Hy 5, from these, pr 
obtained 
ee 
Octyt Alconot, “2 | 0, 
essential oil of the seeds of Aeracleum sphondylium, See 
dary octyl alcohol, or methyl-hexyl-carbinal, is. obiaises'S 
heating ¢astor-oil with caustic potash, ned by 
‘The higher alcohols may be prep 
aralas by acting upot with chlorine, grag 
Hse to the chlorides of the radicals ; from the chime 
preparing the acetates, and from the acetates the alcoho 
Bremselves, 


te in the 
d from their hydrides 


} 0, is found combined with ai 
Ti, forma a white soldd i 
emical properties lie. an ae 

thus’it forms a chloride, CHect; also a bromide a | 


CoH, 


iodide : it likewise yields an ether, G3}1% | O, obtained by 


the action of cetyl iodide upon potassium cetylate; and * 


compound with sulphuric acid, “#ls} so, Cetyl aleobel 


tndergoes oxidation when heated with caustic potash yield | 
ing an acid in which one of oxygen replaces-two of hydroge 
of the alcohol = 

Pocassiam "and Hyder 


CHO} 
eR 


Cetyl Alesbot and Potwh yield 


K} + He 
wae Joab 
s palmitic acid bears the same relation to cetyl # 
ic acid does to common or ethyl alcohol. oe 
1 0, is contained in chinese 


° 


Cul) ¢ 
H so 


NITROGEN BASES, 7 


ine sypstance. When 
oxidation, and furnishes 

aH | o, 
Hf Py 
Cola} 0? 
{Oe 
when fused with potash it forms an gcid 
1 Cosy } d 
iH” 5% 


eee 


olid white substance con. 


ComPouNDs oF THE ALCOHOL Rar 
(GEN (TRIAD) GROUF OF ELEMEN 


1, NITROGEN p 


constitution of the 


secondary 


GH, 
1 


Diethyl Gu. 


i 


monamines, a: ind tertiary mona- 


«volatile they all have a 
moniacal smell, they 
rays, of wh eal 


I HCl, &c. to form salt 
aia are formed in many w 
tant are~ 
¥. By the action of c 
be dlcohol radicals (seep 
2 By the d 
ydrogen sft 


hich the most 
st impor- 


alkalis on the iso-cyan: 
als (ee nate alkalis on the iso-cyanates of 
tcombination of the nitrilc 
hus acetonitril yields propylamine 


with 


CH, 
Ly, 
H J 

3.,BY the actios 


Moni, we besten, Of the jodi 


iin of these 


iodide of the compound oes on am 


npownd ammonium), 


which, wlien treated with potash, y wet] Ee es 
ase n Dimethylamine, (CH), NH, is so a colourless gas, smell 
Eabylfpdide and Ammonia give EXhglanine ap ing like ammonia, and liquifying at - 8 
: ES Mrrimetiylamirte (CHa boils at 9", and haa a strong 
; (GHD) ammoniacal and fish-like smell, It occurs in the flowers oe 
Cit + HON ‘ certain plants, such as the hawthorn and pear, ss celle 
‘ any animal uid, particularly in herring brine’ IL comisney 
Ethyl iodide acts’ similarly on ethylamine, piv with fodide of methyl to form’ cetramedhylammontuve tou 
diethyFrmine and hydtiodie acid: ©" Bing iy] (CH, CHNE. Ifo this we add freshly precipitated silver 
CH + GUSH = (GH)HN +H, rove (CH iio ere 
and also acts upon diethylamine in the same way, Trimethylamine is metameric with methylethylamine and 
and also acts upo 7 Bron penning, Tse meaner tas cat be dictated 
y ascertaining how many atoms of the replaceable eae 
GH,l + (CH )HN = (CH,)N + HI alive orginal ammonia they contain, arogsh 
The ethylamines closely resemble the foregoing compound 
Ethyl iodide also combines with triethylamine to form tea| Ethylamine, (CyH)NHy, boilsat ieee pee ae compu. 
cthytammonium iodide, N(C3H,)I. | In practice all thee) NH, at 57°} and triethylamine (C,H) Neat yore (Catlale 
npounds are formed together when ethyl iodide acest] pada a 
ammonia, The compounds of mono» di and tri-ethylani} 
with hydriodic acid are decomposed by caustic. potagh, sail 1. PHOSPHORUS nasEs, 
the volatile compound ammonias liberated. The case of 
ie tetra-ethyl-ammonium iodide is differen, asit isnot de| Compounds corresponding to the preceding, but containing 
composed by potash, but yields, when treated with mots, Phosphorus instead of nitrogen, have’ been orngeoh ogee 
oxide, a hydrated oxide, which does not volatile wiboa? GH] : thus, 
decomposition, and is analogous in constitution and similar, “thy phosphine, C. Hep » is obtained by acting upon zinc 


erties to caustic potash : Gy 
Racecar Cornet Pesan ethyl with delehloride the c 


—_ 


Tenetiytanivn nile ith eth ilorine changing places 
(CyH,),N K} a colourk 
i tt} © a a po and disa 


uid, boiling at 127%, 
HS directly with’ ex 


1 ell. It’ combines 
n, sulphur, and chlorine, in this respect 
0 h ethyl iodide 
chloe On aE Mom whi’ See ftn-eypospho 
radicals contained, the mane solu action oop ding nitrogen compound, ene eye RUS 
the platinum salt. Their sulphates also form with alumi Me attion of silver oxide, e pound, can be obtained by 
sulphate, alums, which are isomorphous with ordinary # ther compound phosphorus 
Methytamine, CH,NH occurs inberring DNA TED ayy, ay, Cat 
be obtained by the action of nascent hydrogen se Phin, HOP, and diethyt phosphine, ¢ i] 
on prussic acids. It is a colourless condensitle # Y hin ils ih 
ing a strong ammoniacal smell and powerful iA NE rater ty acting hn ya different reaction, 1 
as dissolve in one volume Of FE iq pe, uPor de, PHT enc tioms Viz, by 


‘1 thy) differing f 
By acting on ethylamine with other iodides, such a8 math siering from the foregoing riven r 
iodide, mixed amines ean be prepared. The compound a) H combines and fora fais” eases. Wit 
monias form double salts with platinic «chloride; the large ce 


the number of organi 


ammonias, viz, : mon 
GH, 


1,600 volumes of this g: ; 
2 % ‘ammonia. * with ethyl iodide 
157, so that it is even more soluble than amMOO® 4 fag, Both the girth ethy le 
be disting a combination. with 


compound: 
ha yellow flame. " 


resembles ammonia, but it may comp 
og inflammable, burning wit drio 
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joms of chlorine respectively, and then form compounds 
1 type, NH, We thus have the fol- 
known ;— 


Arsenic trihydride, " 


CH,CH,CH, Trimethyl arsine 
CH3CH,CI “Arsendimethyl chlori¢ 
4,Cl “Cl Arsenmonomethyl dichloride, 
Cl Cl Arsenic trichloride 


ine is a colourless liquid, boiling st 120 

mass is forsatf! fa) gormed n of methyl iodide on an alloy of sodium 

f water upon the crystalline mass the me d nds to trimethylamine and trimethyl 

s liberated as a volatil less liquid boiling 

5° and possessin ee As,(CH,),—This substance, 

further action of a tt ‘phos xid g arsenic trioxide 

This is. also a col i acet 5 a colourless liquid, 

strong sinell, didien : oiling at ch takes fire in contact with the air. If 

Both these phosphin extrem n d possesses a most disagreeable 

acids, and ‘also with oxygen and sulphur, to form dese FF e smell, and must be prepared with great care 

=a e hilorine, oxygen, &c., and plays the part 

ano-methyl phosphine, CH,H,P, has oi nO 1, “One of “the most important 

at the ordinary temperature it is ae sf B compounds is eacodylic acid, ANC} 0,5 it is. soluble 

Phe following table shows the sinilar in water, and is not poisonous, ‘The formation of cacody} 

The following tabl esi id its oxide, in the mode described, may be used ag 4 ac} 

and phosphines est for the presence of arsenic, from the strong ‘and 
Ammonium iod! istic odour of this body 


Tertiary yp - 
Tetra-ethyl ammonium iodide 
Phosphonium iodide ae Potassium, a compound called friethy? stibine, 
{ Primary phosphine iodide 
ondary » 
Tertiary» on - 
Tetra-ethyl phosphonium iodide 


ing on ethyl iodide with an alloy of antimony and 


bas been prepared 
which takes re anal 
Eompouinds with oxy 
uth fons 
Bi, . 


itis a colourless tiguid, bot 
burns in contact with the 
gen, sulphur, and cht 


MIL. ARSENIC Ys 
shot radicals dil 
methyl a8 


‘The compounds of arsenic with the alcohé BPS icon 
sin contition fom the forego SS foal 
inten the methyl seis wih (1 ommamttld The ey 
2) sendin (eMaopstracte, 08 IB ah el ine 
and the two latter combine directly wi 


OL RADICAL 


of WITH BORON AND 


compounds in this se he ont 
mieios are the only ones which 


ELEMENTARY CHEMISTRY 


Bor-ethyt, (CsH,); B, is a colourless liquid, bo} 
possesses a very powerful acrid smell, and take 
posure to the air, burning with a green flame. It 
by acting en ethyl orate, (CyH),BO,, with tinesig 2 
Silicon-ethyl, (C4H,),Si, is abtained by the ace? 

¢thyl on silicon tetrachloride : it is a colou 
boilg.at 150”, and is not attacked by nitric 
$a By chlorine, monochlorinated i 
being the first product, This substar 
of a morad radical : thus when heated with 
it yields an acetic ether, and this on treatment wie 
forms a colourless liquid sr like camphor, and ee 
as an alcohol, and having the formula SiC,H',0, 
silicon-ethyl may be regarded as nonyl hydride 
which one atom of (tetrad) carbon has t 
of (tetrad) silicon, 

Nonyl hydride CyHg 
chloride C,HysCl 

=H 


Potash 


SICH 

SiCgH,,Cl 

SIGHy } 
Guo 5° 


SiGHy }¢ - 
: alcohol ftw {o 190 


acetati 


A substance having the composition SiHCl, has also bees 


prepared. This body, it will be scen, is chloroform, CHC 
in which silicon replaces carbon, 


5 15. 

COMPOUNDS OF THE ALCOHOL RADICALS WITH METAI 
—This important substance is 0 
poh ethyl iodid 

it takes fire 


yhen fhe oxidation § 
gent, by means of whi 


ounds can be obtained : thus, if we act W! 


in] FATTY ACIDS AND THEIR DERIVATIVES 


ewe ges zine chloride and séf/con 
we obtain mercuryethyly on 
Zinc-methyl and zine-asn/ 


stance Ooa mercuric chloride 


Mai soride, we Bet 
bar k Com 


is a most deadly poison. 

is, t deadly p 
le liquid boilingsat 181°, 

hloride upon zine ethyl 


tained by the 
apie inedas above described, is 


rethyh 
a heavy guid, Bolling 
Gonpounds’ of the albali-metalz with ethyl have been ob 

g upon these metals with rine ethyl, Sodium 
tdiyl combines directly with carbon dioxide, and forms sodium 
propionate (p.298) 


Sadia, Eu 


LESSON XXXII, 


COMPOUNDS DERIVED BY OXIDATION FROM THE 
ALCOHOLS. 


Group of Fatty A 


in which the aldehydes serie dees 


Spee ie eyproucts contain a radical in which one aco 


of oxygen is substituted for tn 
radical thus sated for two of hydrogen in the alcohaie 


Ethyl alcohol, CHs sie 2 " C 9 
b TH! | ©, gives ate acid, #20 1 0, 


Amyl GH, 
mi aobol, “Hi { 0, gives valeric acid, tO to 


These oxidized 


Sveds Tadicals form the 


f compounds which in thei 


starting-point of a lang. 
foe maPounds, but differ ts 


properties resemble th 
Containing an atom of 
by subst the hye 
ne, we get the chloride 
pride, CHOCI: by ve, 
by metals or by alcohe 


Placing the ¢, acetyl ch 


Tadicay the hydroxyl 


Hydrogen Acdste, Potssiam AcCat 
GEO  GHO}9 
2 aad KS 


Each fatty acid can be again, reduced to al 


tilling a salt of the acid with a form: 


+ CHO,Na = ¢ 
a 


Ifthe oxygen of the hydroxyl be replaced by sulp 


get 


Hydrogen Thiacetat assum Thiacetate,  Ethyt 7 


CHO 


CH;0) . 
nO ts 
H 


ts; KY Ss 


The monad acetyl ean also replace hydrogen in 


d we then 


dehyde 


2 + Naco, 
Phu, ye 


Gaore 
ca {8 


ammonia, 


C.H,0) 


Acetamide, “H 


In many reactions the acids of this 
separation of one atom of carbon, 
if'we decompose a solution of an a 
rent, it splits up into carbon dioxide, 
which latter at once unites with ano 


form ethyl hydride or dimethyl 
2CO, + 


The higher acids act similarly, Va 
or octyl hydride 

3 CsHy0} 

ak ig 


I 


So also when an acetate is heated with ar 


and methyl hydride are evolved 


thyl and carbon d 
tate 


0 = 2co, + I 


Bl 


series decompose, with 
arbon dioxide, “Thus 
ate by a galvani 
hydrogen and methyl, 
other atom of methyl 


H} 4 CH), 
H}* CH} 


aleric acid yields dibutyt 
1) 4 Cite 

{+ Gat 
kali, carbon é 
f 


ly 
Jioxide combine dire’? 


H;0 } 0, 


Nay 


GROUP OF FATTY ACIDS, 


rations of this meale of decomposition mig! 
uffice to show that the formu 

ids do not explain or exhibit these 

t out these relations womust write 


; die’ {CuHov oy That 
and the general he series is | EOE PY Thi 


js, the acid is a compound of an algohol radical with the 


monad gr whiclr the name of Carboxy/ has 


been given, This substance we thus regard as contained 


in all the fatty acids: that it is formed by the oxidation of 
methyl we see from wing 


Eilyl Hydede, Ethyl Alcubo Acetic Ada 
ycH ica. cH, 
ich icHjon + icoon 

The hydrogen of the alcohol radical contained in the acid 

tan be replaced by monad elements or radicals, ‘Thus, when 


chlorine acts on acetic acid, the foll chlorinated’ acids 
are formed 


Mooschloracetic Acid, Dichloracetic Acid, Tic 


{CH,CL {cH 
(coon 


acetic Acid 
ca, 
(coon: cooH 


At the ether of a fatty acid be acted on with sodium, hydro- 
Behis evolved and sodium takes its place : thus fromm ere) 
acetate, {CHs se wot § CHaNa 

C0.0¢,H,. 1C0.0C,H; When this 
ser body i acted upon lide of an ‘alcohol radical, 
sam iodide 1 replaces the metal, 
chee? 


by the 
is formed, and th 
ives with th: 


COOH) which con 


foregoing body ethy 


Lacetic-ether, 
atains an acid identical 
Of butter, viz. { CoH; 
(Coon 
members of the series of fatty 


fi from acetic acia 


é with the 
mlyric ac} 


na tec ci 8 NE en eed to 
fen in the radical by methyl. Th 
m upon ethyl acctate, two andl thee 


298 ELEMENT CHE 


atoms of the hydrogen ofthe radical can be ¢; 
sodium ; and these, when treated with methy] 

ively : : 

{ CH(CH). 
 {c0.0c, 


ide, 
3) (CH), 
a 2) CO0CH, 


first being the ethyl ether of dimethyl ace 
isobutyric acid, and the second that of trimethy! 
or tertiary valeric acid. 

The folfowing are the most important reactions, by 
of which the monobasic acs can be obtained hes: 

1. From the primary alcohol having the same number o 
carbon atoms, by direct oxidation, Dunhetiag 
2, From the primary alcohol containing one at 


tic acid, op 


arhon, as follow eh 
a) By decomposition of the alcoholic nitril by potash, pra 
pionitril yielding propionic acid (see p. 283 Ps 
(6) By acting with the sodium compound on carbon ¢ 
oxide ; Sodium-cthyl dioxide yielding  sodi 
propionate (see p. 295 


MONOCARBON SERIES, 
Formyl Aldehyde, CH,O, is a colourless 
powerfully irritating’ smell. ’ 1 dw 
methyl alcohol together with air is led over a red-hot spi 
of platinum wire. The aldchyde r absorbs ox 
j and passes into formic acid. 
Formic Acid, CH,O,—This acid occurs ready formed in 
the bodies of red ants, whence its name ; it is likewise found 
i) in stinging-nettles. Formic acid is obtained by the oxidation 
} of methyl alcohol, as wells of sugar, starch, and other orgatic 
bodies. It is formed synthetically by acting upon potas 
-arbonic oxide gas at 100 
Paes yield Tun Female 
t] ¢ 
- HOt 9, 
are acted of 


as possessing a 
hhen the vapour of 


1 aquedus vap 


OK) o 4 KHCO, 
HpOe? ; 
red 9 


2CO; + K, + H,0 


Formic acid, diluted with water, can be best prep: 


noe YL COMPOUNDS. 299 
lic acid, of, glycerin and water, when 


heating ox 
and carbon dioxide : 


it decompose 


n Disxide 


cO,? 


In order to obtain formic acid in the pure glacial state 

f sulphuretted hydrogen iphide and formic acid 
prod colourless liquid, possess 

ga pecul acid taste, boils a 
its speciic gravity 35, and. is miscible in all pros 
portions with water. Heated with sulphuric seid ie fone 
ind pure carbonic oxide gas, and oxidising acne 
heated with excess of baryta, yic : oF ‘ 


Formic ac » and 

alts called Forma ormates are soluble in water. 
When ami ¢ is quickly heate 

mate is quickly heated it decomposes 

CO,HNH, = CNH + 21,0; 

id hydrocyanic acid take: 


hydrocya kes up water producing formic acid, 


© nitril of formic acid. Formic 
hed by its power of reducing metalli 
from the nitrates 


Formamide . 
de, N.—Obtained by acting on ethy! form- 


Mwith ammonia. It is a colourless liquid, boil t 194" 


DICARDON senies, 
Acetyl Aig “ 
axidiing di 
douse 
daa, 


Mdelyde, C381,0.—Acet-n 
Gilute alcohol by mi ofa 
and sulphuric acid.” 
if A mixture ok 


dehyde is obtained 
Ans of a mixture of mamen 
It may also be prepared be 
and formate of calgiun + 


ELEMENTARY 
Formic 


(CH, (1 
CCOjH (CO,H 


It is a colourless suff 
has a specific gravity of 01 at o”, 
ans with water, alcohol, 


, boitin, 
ind mixes in 


of the nitrate; and thi 
presence tf the substance. It unites direct! 
hydrogen to form alcohol, C,H,O ++ re 
wise forms acetyl chloride 
acetic acid when acted upon by 
modifications. : 
of acid, it remain Saneet 
a solid substance having t 
(termed Meta 
limes unchanged at 120°, but when 
tube, it forms aldehyde again. Paralde 
dification, and is a liquid boilin 
formula of which is CglHy,Ox or 3(¢yH,0). Aldeh 
eric with ethylene oxide (p. 309}. Aldehyde 
crystalline compound with ammonia, te y 
monia, CHC {Nyy When aldehyde fs heated with sine 


chloride, water and croton-aldehyde are formed, thus: 


I 
CoH COH CH, 


te, cH—cH 
| i 
| 


Chloral, C,CLOH.—This substance may be considered § 
Idehyde, in which 3 of chlorine take the place of 3 of hydre 
Bete or trlchlorscetie ei, and this bol 
many 
properties, s 
monia, which reduces silver s 
continued.action of chlorine upon alcohol ; 
fully-smelling liquid, boiling at 99 
a solid hydrate, ‘C,ClOH,H;0 
ed in medicine for procurin 
lepends upon the fact that in. presen: 
ained in the blood chloral hydrate gradi 
roform 


acetate with st 
boiling at 118° and s; 
ie name of 


het 
It 


taste 


ut only in 


repar 
xctically employed, 


d Pyroligneou 


Acetic acid in the pur 


nce thi 
Possesses 


trong 


a pecu 


i it mixes in 
led the mixty 


sed by 


with ar 


d sodium met 


d by decompe 


ble growth 
face of the liqu 


Ayr: 


has no definite 


its smell 


the prod 
he prod 


and then giving it up to the alcohol, 


obtained by t 
n icclike ma 
acid has be 
nell, and ha 
with water 
boiling point 

dd by th 


basic, and 
The acet: 


pee c 
‘ere fhe most 
Reavy metals 


substituty 
formi 


The radicals mi 
the atom of typical hydrogen 
ethers (5 


H,PO; +3 


I fuming strongly in th 
It les: fu 


z bromide 
~ boiling at 55%. Z 


known. 
4 


j colourless liquid, Boiling at 138% | 
phosphorus oxychloride or acetyl c 


Saad a ees of arti 
acing one, two, or three atoms of te hydra 
‘ we thus obtain 
1 by ‘chlorine ; we th ae ne 
05 aichl 4 Oe 


CCILCO } 6 
trichloracetic acid, CRE } 


ochloractit 
acetic act 
These three bodies at€ 


t 1985 
2°, and_ boils at 1 
malline sotiis + the Gret, foses at: 62%, and OSs 
the second and third boil at 195s. They fore 
from them by the action of nascent hydrogen. B 
from th a tion of ee so # 
Thiacetic Acid, aie 
aptan to alcobol (P 
acetic acid in the same relation as mercaptan 9 Alco 
24g); iris preparod by the ation of pensstp 
phorus on acetic acid. er 
P,S, +5 CH,O; = P.O, + 5 CoH 


a 


ACETYL COMIOUNDS. 03 
se za peculiarly nauseous 
GHi0 } gj 

de, Hig} > 


It is a colourles 
41,and boiling 


SS picaae ‘kable compound 
Acetyl Perox 


Se eae das erponet wich ctplonive Yickewe. 


tcetamide, “H 
Acctamide, “H 


ed by the act nonia upon ethyl acetate by an 


he action of a 
n acetate, 
ind boiling at 


nding compounds are likewise 

Compounds of fulminic 

NO.)Hs, a body which hs 
dminate, CNC 


acid, or nitro- 

not yet been 
2)Ags, is formed by 

f silver in nitric 

N-C(NO,)Agy + 2 HNO; 

f small white needles whict? 

ig PE OF On percussion, Afercury 

C ada eared on the large scale (2, 

Sisal vy, in nitric acid and add h 

ry See ing alcohol, It 3% 

fap. SPE*FOUS substance, and ie ued for filling oni 


action of alcohol on 


SHO + acid ; 
? 


Actone, co { CH, 
} {eth—mis Compound is formed by the 

Sn a8Y Propyl alcohol as e 
ering in acetyl chieria ty mene Epics 
43GH,0) H,0 ) 
Sty ? Ache f ++ cyza 


passing the va 
Ee see i 

ike aldetgyde 
odiam-sulphit 
gakem, nd se 


t 1 
2 erystalli 
By. the action 
and acetone, 


‘compou: 
of 
two 


H,O + Hy = GH,O, 


HIGHER FATTY A 


The names, it 
already: } 
they 
land a 


have 
racteris 
d they 
mutton or b 
These aci 


ide with th um com} 


jally palmiticand stearic acid 

olid substances obtained by d 

m.oil or beef-suet, which consist 

cat stearate (see Fats, p. 

sium palmitate and stearate (see Fats, p 
anhydrides, compound eth 


neral chemical 
series.” For the descriptic 

mpounds a larger work on C 

nsulted. 

It is, however, necessary to remember 
of isomeric compounds exist in the 
the alcohol series. These 

from the corresponding. abt 
some compound similarly constituted. 
atbons, alcohols, and acids of the 4 
follows 


abnormal 


of the properties of 


and. each forms & 
s ofthe 

in all fatty bodies 

‘of sodium or potas 

“These ac 

aldehydes 


Chemistry must Ht 


abnormal alcol 
‘The isometi 


‘bon series: © 


Secondary Buty! 
Ricahot 
CH; 

H 


cn, 


CHOH 


Nong Dati 


CH, 


cHoH coon — cH, 
Ircbutyrie 
po 


Fermentation 
Butyl Alesha 


CH,CH, 


Tertiary Buty! 
Alcs 


CH,CH, —CH,CH, 
2 


fan Con Cu 


cH, CH,OH CH, CooH 


general reactions of the group of monatomic alcohols 
cids w t the greatest theoretical interest are 

inly those by which it's possible, in the first place, ne 
prepare the most simple terms of the serics spnthaticate 
Framtheirelements, and, secondly, to pass directly by aches, 
and hydrogen from these lower terms to the Kite 

and thus to mount up the series. Suppose that vce 

tbyl alcohol obtained from inanfan 


Marsh gas prepared from sulphuretted hydro 
carbon disulphide 


nand 
2SH, + CS, + Cu, = CH, + 4Cu,S. 
(2) Methyl chloride, from this by the action of 


CH, + Cl, = CHCl + HC 
G) Methyl alcohol, from this by the action o 


f chlorine 


f potash 
CHCl + KOH = CHO + Ka, 
Beste ate now several methods by which we c 


licarbon series :— ee 
ohol we prepare 
tash, yields’ ac 


ENCH, + KOH + H,0 
fan also di 


acetonitril, This, on 


etic acid (see p, 303) 
» GH,KO, + NH, 
rectly reduce the acid: 


to alcohols or alde. 


ELEMENTARY CHEMISTRY, 


ies by the action of Sodium upon the 
aldehyde we can 


a (p. 


CHO +H 


2) From methyl 
ting upon this w 


GH 
+H,= 


‘ CN CH, 


¢ hydrochlorate acted upon by 
decomp. with p 


bylami 
yl nitrite, which, on 


C.HNO, + H,0 +N,; 
KOH = GH,0 + KNO, 


ohol, by the 


(3) From methyl al 
jodide, we prepare the ¢ 
ethyl chloride when tre 
pass through ethyl 
of any of these 
the tricarb 


action of 2 
this subst 

orine : from this we ¢ 
ohol. ‘The repetition 

Id enable us to pass 


ced with 
three processes w 
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DIATOMIC ALCOHOLS AND THEIR DERIVATIVES 


power: 


CH 
Known in the 


he serie 
ss nus been isolated. 2 
also fas not been prepare 

ne oto 
lene raed 


diatomic alcoho 
e is known, 
H,—T 
$ already 


known as ethyl 


s substanc : 
ned (p. 80). It 


| 
\ 


GLYCOL 


on of coal an¢ 
e of 1 pa 


14,0, 
Combines directly with 2 
and hyd 


with. hy 
forms ethene 


id when 


fe dichlori 
water, but dissolve 
tacked by 


ing in their properties 
of bodies boil a 
e are decompo 
loride remain unch: 
tical in both series 


Glycol, of Heth 


from the foregoing 
different tempera 


d 


OR ETHENE ALCONIOL 
n of hi 


ind. eth, formed. Thi 
ns of chlorine, 
with chlo: 

3 with the hydracids it foi 
It is absorbed by echee 
'drogen-ethyb-sulphate (p. 2 


GH,Cl.—Olefiant gas deri 

of forming an oil when br 
‘On mixing these ga: 
hed, and 

body’ boils at 85°, 

in alcohol and ether 

and substit 

and las 

Thu: 


Thi 


by chlorin we have 


S of isomeric chi 
cd identical in composition, 
thus 

Ss; whilst 

Potash, those ff 


The last term, CC 


by alcoholi 
ed, 


(on 
hon 


cohol, Call 


of ethen 
1 glycol diacetate 


nief 


been mentioned, 
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itwith baryta. Glycol is aeolourl 
tasting, thick liquid 

boils at 197°5, 

and water,” Wh 

platinum black, it al 

into glycolic acid 


a {chon 


- CHOW 
GHiOH + 0: = 1,0 + | EG:0H 


(coon 
On treatment with hot nitric acid 
oxalic acid ; 


CHLOH 4 46,~ 
{Choi +20. 


oxidizes further tp 


{COOH 
(cooH + 24,9, 


From these reactions it appea 
acids stand to glycol as acetic acid docs to ethyl al 
substance having the composition C,H,0, 
stands in the relation of an aldehyde to gl: 
typical hyd 


nd. oxal 

LA 
and called Glyosal 
Glycol ac 


her resp 
n, form anali 
also forms a compound with sulphuric 
ulphuric acid ; and when heated with bydr 
acid it forms ethene iodide and water. 
Glycol dif m alcoh 
two acids, t Thu: 


of the monad group, OH ; w' ; 
of chlorinea second replacement of the same kind occurs, and 
ethene chloride is formed 
() Eshene Chae 

§ CH,CL 

CCH cr 


6) Ghyeat 
\CHOH , 
(CH,OH + 


(9 Glyesl Chisehydrioe. 
CHC, 
CHjOH + 


s of glycol known, mono-acctalt 


here are also two acet 
and diacetate 

_ 4, § OCHO 
nd CHy } OCHO 


i.e! 
Two ethyl compounds exist, mono-cthyl glycol and dit 
glycol : this latter body is isomeric with acetal (P31) 
s ared byt 
Ethene Oxide, CH,O.—This substance is prepare ig: 
tion of potash on ethene chlorhydrine, which lose: 


{ 0C,H,0 


He on 


ancl with anni 
acts, 


alline comp 
chlorine 


othe 
don pifcolic acid 1s produce 
heme ride also unites directly 
water, forming glyco}, and also with 
slyeols : 


(1) GHO+C 


the oxide of a radical, Evhi 


hene, which gives rise to a ser: 
Compounds. The differen F 
at in ethene two a 
of carbon, wh 

m of hydrogen 
Connected with the 


¢ between these two 
nS of hy ed te 
: n are united to 
ereas in ethidene the one mea t° 
tached to it, whilst the seca neas,* 
other three atoms of hydrosen (ae 


Eden Src 
Aldehyde || CH, 
CHD + Ethene Oxide, 


Ethidene ¢ 
hloride { CH, 
loride { CHE, § Ethene Chtorig 


Diethyl Glycot, { CHOC 
Fs coche 
Mchyde, 


A deriva 
al ethideng 


cH, 


ELEMENTARY CHEMISTRY 


occurs, It is obtained Sy heating é 
together, and is for z dehyde, wre, *cohg, iamylen 
edwith sulphuri ‘dig coh Hendecadene 
ep emeilot a: stair co ide. 4 Cetene 
Cerotene 


GHEE } 0, occurs in crue wood spirit, = ae 
‘With diethyl glycol (see p. 309). 
Ethene Glycol 

Chotifie, or Neurine, CH, § OF. Ethene Glyco 

; pry Iso-butene 7 


first prepared from the bil and Sate 
brain and in yolk of egus, but it docs not exist as suck g 
these substances, be 
more complicate todis. “can : 
heating ethene oxide with triethylamine ; Each of these 
a 1 Hj OH each forms a glycol, from wh 
C,H,O + N(CH,), + H,0 = C, *(N(CH),OH, can be obtained by, ox tion : above ethene 

Many compounds of ethene with the clements ofthe nite | and bydriodc acids, which, arg” Peumes, Nit, hydrochlor 
gen group are known. ‘The dyad ethene replaces 2 aton lorides and iodides of the monateny radienty. oe Primary 
Fiydrogen in 2 molecules of ammonia; and. th 

ondary, and tertiary jn nium c 


ene, 
Iso-bexene 
‘octene 


a dichloride, and 
le and Awe acid 


LESSON Xxxv, 


‘with ammonia on ethene dibromide. DIATOMIC ACIDS, RESULTING FRON THE OXIDATION 
the phosphorus and arsenic series are 7 ts 
¥ THERE are two seri ds; th d 
Sy enn FON ecotiots ayn pealvenee the replacement of 2 ator rogen in the corresponuien 
kan diatomic alcohol by ‘tat en, and the set 
The higher carbon series yiclds olefines correspo the replace ato hydrogen toe 
wechitcement of 4 atoms of the fedta 


ethylene por, pea 
The following is a list of the olefines and glycols hen. , The first of these groups of sy 
The following tae Acid Series, andthe oer ees 


have been best examined : fom the acid best knownin cect 


ines shycol to glycolic: anc 
Olefines. Feneral zeali¢ and oxalic: acids, 


is may be termed 
lic Acid Series, 
The relation of 

serving as a type of ¢ 


lations, is seen in the foll 


Acid Oratie Ada 
- 5 {COOH 
Jso-butene i = (co 0H 
Amylene , at - 

Beceris ibe sae Garni by the ace i, 
Heptene se st Leng a primary, vt 


Octene , 


ge TARY CHEMISTRY 
In like manner we havetthe following se 


Lactic A 


General form 


Mon 


Carbonic Acid) 
(Hydrate) f 


Lactic 
Butylac 
Valero-1 
Leucie 


Oxalic Series of ¢ 


General formul: 
Name of Acid 
Oxalic 
Malonic 
Succinic 
Pyrotartaric 


Carbonic Acid, CH,Oy 
be suppose 


“0, Carbanis 
‘conta 


having been prepared. These salts may 


contain the radical carbonyl (see p. 265), C 
atid differs from the higher members of the series in covey 
ing two atoms of replaceable hydrogen. "This #8 aCe. 
for by the fact that both the molecules of hydroxy! 
nected with the group CO, thus : 

“9 / OH 

co} oH 


This substance is only known in its salts, the hydrate. 5 | 


j OXALIC ACID. 
zest 

wo scts of carbonates exis 
Hence tv Ke 
1 O,Naé 


\OH 
> | ONa: 


Normal Sodium Carbonate, CO 


Hydrogen Sodium’ Carbonate, CO 
+ of the first series bonis are manohasit, 
tom of hydrogen replaceable by 

nd series ae d/duris, ot con 
othe series are 


d above 
The acids 
ee while those of 4 
D"of hydrogen thus replaceable 


i, CHO; 
This substance is obtained by the oxidation of glycol. It 


bederived from the monatomic series of acids by 
a of potash on monochloracetic acid : 


ocho and 


GH,CIKO, 


GH;KO, + 
Glycolic or oxyacetic acid forms a deliquescent crystalline 
mas and forms falls called Ciyeolatcn anna cea ne 

An amide, called Glycolamide, is known, 
tance isomeric with it, termed Glycocol, 


Potash give Potassjam 
‘Chioride 


+ KHO KCL. 


as well as a sul 


Oxalic Acid, CH,0,. 
__Oxalic acid is 


forts of potace get With in the jui 


¢ of many plants 
mor calcium salt, Label 


Variety of wa It is formed in a 
Tay Mrs ey ye sia re ma en 
cabom dining id an be prepared symthesenteers eet 
Recury; = ANd Sodium together 0 the dalle neste 


in the 


ja = C,0.Na,. 


Preparing pure oxalic 
Pon ai ue Rilic acid on a small scate 
ic it has generally 
at present it is 

faction of cay 

is thus for 

by preci; 


The be: 
ity st Way of 
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Oxalic acid cryst: 
ation at 100", 


When hea 
forming carbon di 


a vactium over 
d to about 160° oxalic acid rap 
arbon, monoxide, and f 


of oxalic acid sublimes und 


form 


Oxalat sare all 5 


the oxalates of the other metals are general 


insoluble 
potassium oxalates are 


Icium oxalat 
which t 
Methyl 


spective al 


ha" the for 


is metal is obtained for quantitative 
\d ethyl oxalates are obtained by distilling 
th oxalic acid : the 


Oxalic Am 
a white pow 


fCO.NH, 
{CO.NH, — 24: 


considered as being (= 
toms of hydrogen 38 


uined, having 


in which two a 
Oy. By heating hydrogen 
alled Oxamic Acid is obtained, 


Lactic ACID. 


contained in sour 
s_contai ore 


called the Lact ent 

ne compe te 1 the 
howeter, not identical 
This latter 


ation of sugar 


dation of proy 

By the decomposition of monoc 

By allowing aldehyde, hydrocyanic 
ty contact for several day 


ric acid to remain 
CH, 
CH, ie 
NH,Cl + CHOW 
| 


COH + HCN + HCl + 2H,0 
€0.041 


Lactic acid is a syr 
fh cannot be distil 
forms lactide, CoH,O, , 

tt is heated with hydriodic acid, lactic acid forn 
pionic acid. The lactates form a well-defined cla 
a rule one atom of metal—the othe 
laceable only by an 
CHy 
{ Gitdc, 
(coor 


sition, but, wh 
acid, CyH,0, 


tadical : thus we have ethyl-la tic acid, 
soa definite series of salts. AI th 
saterandaleshel 


¢ Jactates are soluble i 
zine lactate, (C5H,0,), Zn + 3 H.O, is the 
acteristic of the salts ; it’ crystallizes in shining 


18, formed by 
ium lactate, 
Lactic monamide 
editOBlactide. Ibis; 
d by the union o 
Alanine is decom 
ned : 


HNO, + HNO, 


y the action of 


omeric with nin 
aldehyde, hyd 


composed ‘by peyanic 


Tactic acid form nitrous acid, 


CHO, + 11,0 4. 

ular ti 
The first of 
S optical charact, 


HO, Lornedd 
f these ditter 
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latter acid can t 
compounds, where 
dehyde. 


l 

CH OH; 

I 

COOH 

The higher acids of the lactic 

cient general interest te entitle th 
elementary work... We therefor 
the oxalic series. 


do not pos 
to consideranae' 
Pass to the higher acidys 


} lactic acid, and by the 
thus : 
Bug! Canacetas 


1,(CN)O,.C.H, + 3 H,0 


Succinic Acid, CH.Oy 


This acid is obtained by the distillation of an 
in amber, wormwood, in certain resins, an 
tities in various animal juices, and it is pro 5 
mentation of sugar (p. 333). ‘It can be artificially prepared 

(1) By the action of hydriodic acid upon malic and tartaric 
acids (p. 318). 

(2) By acting on ethene dicyanide by pot 

CH(CN), + 4 H,0 = C,H,0, + 2NHe 
(3) By the action of nitric acid on butyric aci 


C\H,0, +30 = H,0 + CHO 
1s, which fuse at 


Succinic acid forms large colourless crystal, whit aio 
hl 


180%, and begin to boil at 235%, the vapour di 
succinic anhydride and water. It forms ‘ 
#B anhydride when heated with phosphorus pentacl 
Bromine substitution products are also known, vir 'H,BqOe 
the teal CH ,BrO, and dibrom-succinic acidh Aig "ate 
these acids when treated with water and silve! 


MALICG ACID, 
amv tartaric acids 
and iw ditwale i (he 


form 


{ CO.NH, 
«{CoNHy #4 


COS, . 
it, Galt, | CODNU : 


4H 


ss This substgnce,*which is isomeric with 
ste acid, obiained by the action of potash on cyano 
propionic acid : 
CHACN)O, + 2H,0 = C\H,0, + NH. 
acid melts at 1295, and is readily distinguished 


ns from its isomer. It is derived from cthyl- 


succinic acid is from ethylene 


CHCN; 


CHCO.OH 
i 


COM CO,H. 


cette *Pecial properties of the higher carbon acids of 
i fader must consult a larger work on the 
Connected with suc 


acid very intimately are 
of mach imporrana y intimately are two ae 


viz. malic and tartaric acids, a 


aan OF Most fruits, especially in 
ainash » from which 
spalse be prepared by the 
a m-succinic acid 
SHB {COT Malic Aci, 
Peee et AsOn - CHO) scorn, 
5 ‘ . COO 
sof atttiatomie aci es 


o but on} 
asic PARED can be bent, OY two of th 
he malas ane cpiaced by a mc 


sh berries, 


Mati is 


crystallizes in need 
180", it loses H,0, 
which exists in 
ids. 
, and yield suc 


and 
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When mali 


converted in 


h unite di 


inic acid, C,H,O, 


Acid, CHO, 


id exists in the juice of 
); itis deposited as p. 


tation of wine, an 


teresting isomeric’ conditi id 
ossesses the pov 
ind to the righ 


nary acid 


d this salt is 
st 
F of turning 

nd the 


the plane 


TARTARIC AND URIC ACID 


era 


trate KY 
Wy 


Loo, 
Ky elie 


id forms with antimony a remark 
ar Emetic. This compound may b 
iim tartrate, in which one atom of pota 
atomic radical, SbO. « We then } 


ny 


placed by a 


Ee Veuc 


sho | CH.Ox) + H.0. 


tain specimens of tartar does n 


light in any way, and is said to t 
tartaric acid, termed Racem 
common, of dextro-tartar 

pposite power of dex 

the éeff, and hence call 

appears to be 

distinguished by 
of being split =p 
variety of tartaric a 
action of silver oxide on di 
each of the atoms of bromin 
yielding tartaric acid, C,H,0, 


ined by boilinga solution of cream of tart. 
dissolves, and, on coolin 
This salt i 
on when taken in 
id are largely used | 
harge or solvent for the 
a coloured ground, 
and it is fo 
y other fruit 
d obtained from t 


This in; 
vided into 


ates exis, in which 
eplaced ‘by metal, 
soluble, ¢ of 


Tartare Act 
(OOOH oAgte 
HE ah 


Dibesmau 


7 {CO.OH 
cttbel Soon + A 


se of the 
le in 
taric acid is also 


gar of m 


ned by the action of nitric ac 


Tartaric acid (dextro) crystallize 


prisms belon 


z to the 
2water. Wh 
decomposition, evolv 
e of oxidi 
nic, formic, a 
potash it for 


heated with hydriodic 


d to malic, 


ind then anothe 


heated to 180” it fu 


ystem, wh 
s and under 
our of caram 


monozlinic 
a peculiar 0 


; and when fused 
Whe 

1 hou 
ecinic 


© acid for severd 
ind afterwards t2 
a goather atom of 0% 


id, containing two atom: 


n large oblique rho 


Mord js converted i 
ra 


sal 


acid a Icithium ura 
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n, CaHN;Os + HeO 


ular tissue and urine, and 
cid, by the oxidation of the nitrogen 
crystallites in bright ‘col “ 
with baryta water it dec 


nt pr 
Divalent prop: 
Trivalent propy! 
THN; 
Sarcosine can be_artific 
monochlovacetic acid with 
methyl-glytocal 


Y acting yoge 
it is the 


Moasehloracetic and Methylam 


Sririatomic ethers ofthe 
CHN(CHJH thus beefsuet, 0 

h the 3 a 
doc +H he oh Rhee 


atin by ec 
also found in m 
colourless prisms, its 
tion, and it forms with acids as 


Theobrom 
uric acid a 
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TRIVALENT ALCOHOLS AND ‘THEIR DERIVATIVES = 
THE hydrocarbon groups having the general forma xed with dilute. 
C,H, act, in accordance with the views already Gf 
pressed (p. 246), as triatomle” radicals, to which the gems 
name of Glycerins has been given, from the special ™ 

OH 
of the series, viz. CH, } OH. 
(ou 
From this formula it is clear that the po 
derivatives of the triatomic alcohi 
of cither of the preceding clas 
between the composition of the mono 
s of the same carbon series is a YY 
en by the following comparison of the 


higher terms the fate 
al hydrogen have been vey 
sHaO, of stearic acid (1 
yall quantities in the fern 
s formed from fats by the pro 
tof the oil with caustic 
forming an alk 
lycerin which rem 


prec 
he fats with high pr 
cerin being produce 
Tupy liquid, of 
w whence its 
It can be dis 
rand in a vacuum, t 
d in the air. ‘Whe 
n undergoes oxida 
exchange of Hy for O 
as acetic acid ‘dc 


by hydriodie ac 


If the nitric acid emPloyed to act on o 
centrated, a. new compound called Tyinn,SYCEHiN be 
glycerin, ¥g formed: this is glycerin in which the’, itine lar 


GLYCERIN ETHERS. 
in ethers have been prepared with many of 
ers of the series of fatty By the actic 


Typical hydrogen are ed by NO, 5 thy 
This subst pl Y on percuss the three 
deen acd for blasting epee vey these Br 
of Nobels io Glooit Of 

y dangerous, and has caused many gti } - 

Heatelwith hydrochloric acidy glycens qt! Ride (cots, {O83 (Cit 
termed Cilorhydrins, of which ‘there are ars °O™POug 
the replacement of 12, of 3 molecules of req 
bpehlorine 


three ethyl 
Teiethylin, 
CH, 


formed are known, correspongling to the polyatomic 
Thus we have » 


eit) 


GH; ( Or 
ut) 


Tri-glycerin, 


dl by th pong dl is found in the 
three in number ; ot iled with an 
a0-acetia, Dine 3 h hence 
GH ) GH 
Ki, fo, H te 
His Go : nd fats are a 
¢ Eiko) or steatie 
These substances, which resemble ‘ - i ‘ s both of plants 
ate obtained by acting upon glycerin with istilled without decom 
They are thick oily liquids, only sparingly’ solub te, 5 H : lly smell 

boiling at a high temperatu c d nondGiin? he oils are separated 

Stearic, Palmit rs 

x ; Palmitic, me dry and 
Stear Palmit and Of t the othe 

foraing'the natural fats : generally glycertacs 
artificially b thst i mane ee nar the fatty ae 

He acid, CyHt0, Unseed oil, cated 
GH. lo, GH ¢ q + | tlycerin concits pou 2408 is fou 
CoH sO §%? (Cc, HG jE § Me Sonsi 


Min:steaia Dineeavin Ce 
din 


this acid with 
in can be obtained by melting beef or mutton: 
ating the fibrous matter by filtration and C4 
the stearin from solution in hot ether. It forms 


be ae ‘water, bat he fat ig abl 
ining plates, insoluble in alcohol and Wltbeas § iy i; Scompo 
lable in ether "The melting-point of statin BF | a the 1) 


teaindergo ch and hence it is probable that 1M soe + 
* Is cxpable of existing in several distinct mod 


whi 


l passes into 
ted into acid 
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Intimately connected with glycerin are the ¢ 


C0, } 
GH) } 
Allyl oxalate 
Ttis a colourles 97, po = 
gent smell. It i ¢ ‘of air and plat 
nd to th 


formed. 


GHy) 

Guis § 
tal cil of, 
acting on allyl iodide with an al 


s remarkable ring in nature as the esse 
de artificially prepare BY 


ic; and the sul 


RBs iene! wp te: 
Hf cohol, 


found as the essential oil c 
be artificially prepared by tre 
hocyanate. Tt boils at 14 

crolein, C,H,O, is the aldchyd 


when the alcohol is oxidized, two 
ved, Acrolela is aso, produced DY 
two molecules of water from glycerin 


H,0. 1,0 = C,H,0. 


ie 
ErotonyIene 


Hexoylene | 
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4, boibing at 52°4°, and possessing 
vit ateieke the’ macous membrane 
rapidly oxidizes to acrylic acid, 


nlogy guetf 


hydrogen to form pro- 


ing a close a 


a substance po 
nd which combines w 
he first term of a series of monobasic acids 
alcohols, with the exception of allyl 

They differafrom the 

two atoms of hydrogen 


not yet’ been prep 


cid. CHO; 
id CoH,Os 

=) Gab 

CSHAO, 
ngelic acid in the 
thane x contained 
nual oof chamomile, "Olee sCsts, as as 
acid when acted upon by nitrous acid forms x 
omeric with oleic acid, and called elatdic 

is contained in rapeseed oil. 


ive oil, 


aturated hydro i 
isomeric with 
rine or bromin e latter case 
310). ‘Thus, by 
of the ethylene serie, 
arbon of the acetylene 


r bromide 
et the hyde 


+2KBr + 21,0, 


Acetylene series of hy 


| Enanthytidenec. 
ye lidenes Cy 
ne | Benyiene™® 


aleryi 


a meta Iso be effected | 
this subst. 


In like manner thi 


of the radical of 


nd fing 
Vin cold cm 
ther of 
with bye 
1 decomposin peta formula is CH, } an 
call, }H.OW a8 i yo 
C\HyI + 41,0 +3le me Cl 
ee: P » CH, | CO, and then butyric 
ALCOHOLS AND THEIR DERIVATIVES 


7, Cola 
ber of this series is mannite, CoH 
the alcohol of a eravle = 
sigar-like substance contaige 
oon trons el oe jes of ash, Mane 
cies OF Fecios of 

Prepared from certain varieties en 

2 up Hy when treated with water and 
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CH Oe + Hy = CoH 
ni 


frevuonth 
se change occu and * 
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in the bodies of plants. Chey may be 
ape si 


e s proper 
1 ofethese three c 


(@r fruit sugai : 
Melitose Galac 
Melizitose 


s to prevent. format 
and to avoid th 

Mycose J 

Synanthros 


to enable 
wer temperature than it would de und: 
and th 


n of u 
charting and colou 

The ¢ trated 
freed from 


adherin 
o-extractor, or rapidly 
is attained by the use of the 
it universal in the 
. i prepared, the formation of 
b or uncryst Id be avoided 
y_ been propo: 
ar acture of ra 
hand an : fe wales 
especiall 


peculiar p 
also, in smaller qu i 


n of rapid 
ot rid of, without 
as a solid ma 
voided. 
noclinic prisms, which 
food, and inal 
y Power < 
ha mixt i 160" to'a c 
ed from the 3 about 18 
if passing the © a 
hheated to about 67 


bk 
cela 
adie 


t mass (barley-sugar), and, on 
Tre oat geague, | When ‘more 
i anda dark-coloured ma 
presence of which rer f the acid and the heat ex, 
ata and the cleat li . 
pans unl it atains & 
ed through 
aporated toa syrup, which, 
ist or brown sugar 


i d, water is 
ed caramel, ‘is left b 
lef sacchari ti 
boiling-f " 


strength of the acid 


© 4 
boiled 


n by nitric 


into a black m 
bags 


to the 
uulphuic 
xture of the oi 
ro-compound, 
: © to explode on percussion 
, ‘ canbe obtained, 
he m otk an octad radic 
and again allowed to cool and deposit Sci a noble metals fretn their 
e dark-coloured uncrit alsa sugar 8 * salts are only si 
‘The refining o 10s¢ 


ans 


ELEMEN’ 


fermentable, but in pre 
water and forms a mixt 


C.H,,0, + C,H,,0, 
Bee + Gy 
By the action of dilite sulphuric acid, the same chan 
Oy EtG and also by long-continued ‘besling ws taae 
Preugar. ‘Sucrose combines with n metallic oxi 
evapora 


yeast i 


GLUCOSES, CyH,,0, C right-handed gla 
‘ many kinds of fru it 
wand honey mixed with levulose, ot left-handed § 

Teforms a normal constituent of blood, white of 
and exists in small quantity in healthy urine, whilst it is € 
ted in large quantities in that liquid in the disease termed 


starch-sugar, is found 


Dextrose is formed in many way 
boiling starch or dextrine with diluted acids 
the action of malt upon starch ( ce Dextrin,P. 3, 
By the action of dilute acids upon sucrose (W 
id together with levulose _ 
icosides. 
hh dite sulph 
ting 
ay aH0 
zoho! 


rie 


with dilate @ 
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nore soluble js thus removed, Dextrose 
ation fo the right : its. permanent 
it is soluble in its own weight of 
gasily in dilutealcohol, andjs not nearly 
the crystals contain one molegsle”of 
at 60. Dextrose immediately preci 
de from alkaline cupric solutions ; and 
sent in a solution can be asce¥ 
andard solution of alkaline copper 

alts the metal is deposited by gextro 
Nitric acid oxidizes dextsose to sac 


‘This forms an uncrystal 

more soluble in water and 
therefore sweeter. Its a 

h the temperature 

tory power is 106, 

33”. Levulose reduce 

tained by neutralizing with 
ained by the action of 

levulose lime-compound is 4 

a liquid substance. 4 

ound with oxali 


By decom: 
acid pure levulose is 


mnposiion CHO, (mac 
ction of dilute nitienetd oe 
garded as products of oxide 

hol Tevuose yields 
nascent hydrogen, and Kel 
aldehyde to alcoho -_ 


Hy) 
Hg} 


CHO, ) 
Hy *)% 


and Sacchatic Acids, 


Me 
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anic bodies are ca 
to several pr 


h of certain 
ds of 
e one f 


bod on 1 


EF 
ae on ts ig 
meer sien Uwe a pua hea, 
Sooe pe een ee canes 
fe Ler ioet presence of vee 
seeds of these . 5 float about in the ait, and 


ing bodies, alw ie 
4 themse! 


o the liquid 
1 growing evolve the pr 
tation, If the above liquids be left on! 
which has been passed through are ot 
hus the living sporules destroyed ; or if the air b 
by passing through cotton wool, and the § 
ented from coming into the liquid, it is found # 
able liquids may be preserved for any Jeng 
hout undergoing the slightest change: | germ 
The following are the five principal forms 


} FERMENTATION, 
The alcobolic fermentation, producing chiefly alcohol 
acid 
“The acetous ferment producing acetic,acid. 
The lactic fermfentation, yi ing chiefly lactic ack 
ric fermentation, yielding chiefly butyric ac 
The butyric fe 
The 3 


3 rise to gym and. 
sses are able, when 
ant (Mycodgrma cere 

ing mainly alcohol and 


undergoes a different 
t for the yeast, and 
lycerin a inic acid, “From 100 
© produced, 
parts of cel 
fatty matter are formed by the growth of the 
tation occurs best at a tempera 


bout 3°5_par lycerin 
of succinic acid, whilst 1°2 to 1 


LESSON XXXVII, 


AMVIACEOUS BODIES AND GUMS (C,H,0,)y 
Destrin, Co¥hyyOg-—Thi 
is prepared 
Quantity of p 
the tr 


substance, called British Gum, 


heating starch to about 150°: if'a sail 
or hydrochloric acid is added to the starch, 
Lakes place much more rapidly. “Destent 
xtrose by the action of malt 
iates the plane of pelarization 
its rotatory power being: igh 
Ne Jin water and insoluble in alcshel; 
Gum Arnie Sie acids it is converted ints dance 
ot ti Arabic. The on from several 


Salts of arab potassium and calcium 


ing with’ dilute 


ogther with syn; 


$ intermediate between 


gums 
th dilute acids, 
le powder form 


are the diameters 
tant varieties of 


Starch g 
ether ; bt 


swell "up 


of water, the parti a 
ey pass through a filter 


ind from this solution alcohol prt 
hous powder of soluble starche 
arch is converted into dextrin. 
and soluble modifications, forms with free * a linele 
blue compound, the colour of which is destrO¥e4 tors 


Tar 


Of some of the moy 


uble in cold wa 
Jin cold water, alcoh 

heated with water ab 
open, for 


come $0 fin 


sclow 1007, but appears again on cooling. 


ely divided 
if boiled for a lend? 
‘lution becomes clear, and the starch 


ecipitates 
‘When heats 


Starch, 32 8 


d with dextr 


mf starchis similar 
in the cold di 
cid a 


substance 
stitu 
stitution product, 


0 is replaced b, 


Cass C0.du— Tiss 
the woody fibre of'y it mt 
Pure state fro: by beatin 


1 nen fibre by 


acal sol 
trong sulphuric 
soluble subs 
Hable body. Ii 

with wate 


dextrin 
r and boiled, dext 
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A useffffsubstance 


by dipping sher 


molecule of water. 
f parchment pa 


setrong sulphu 
a - 


apparent change, IF 
feiesnbstiat 
sgehydroxyl are 1 


= CHO -+ 6HNO, 
ced by ferrous salt to nit 
ubstitute for gunpowder 
has been proposed, a. rae 
The explosive force of g 
unpowder, 


gr acer than that o oducts of 
Bastion of gun n. dio 
are n 3) When mois 
‘mes in and only requires drying 


to explode on per 
ntaneous decomposition 


stance, 
and yi 

tion which is termi z 
Purpose of forming a thin coatin 
fh the photograph 


‘on glass to rec 
c image is formed. 


GROUP OF GLUCOSIDES. 
pstancés constituting this class oceu ip 
plants, and yield a glucose on decom 

ay together with other bodies ; they may be conse! 

nds of compound ethers of, giueose. The most 

tant are amygdalin, salicin, and tannin. wal 

rdalin, CyHgNQy + 3,0. — Found ia ed 
almonds, and obtained by dissolving out by SUnn wtike 
her i mse remariabe 

that which 


GLUCOSIDES. 
r synaptase, by which 
produced 


slled eruigin 

cid, ar ear 

1,0 +HICN + 2C,11,.0, 

in the pith of the willow and 

astoreum contained in gland 

talizes in right whit edd 

A water a lublegmether, and 

ioe : te. UigP presence 
of certain ferment 3 follows 

tO) 


This substance 

tain parts of plants ; it is 
le compound with’ gela. 
ut (ink) with ferric com. 

argest quantities in 

(an excre m the oak by an insect): it is ex 

acted wdered gall-nut 


acid when it is exposed to the 


acid exists in the ‘seed of black one =f een 
peel mats es 
ferment found in the seed. 


of this 
omposes. 
cose, and 
albuminous 


tact with 3 


0; and 


ete glucoside contained in 
eHy,0, is 
ferous trees, om the 
heated with ww 
and a crystalline body, 


on yields vanilin, C,H,O, 


nent of vanilla » the 
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© THE GROUP OF AROMATIC €o: 

Iv hag already been stated th 

‘atoms are more closely com 

in the fore; 

hydrocarbons contain’ relatively less. hy 

which weshave hitherto studied 

these substances is, that they cc 

carbon, and that the m 

into those containing 

that all the aromatic bodies cont 
» in which 18 of the combin 

are taken up by union of carb 

6 remain open to satur 

units are saturated. with 

benzene, CyHy is form 

of other substan 

more atoms of hydro 

If one atom of the hydr 


e-complicatee 
6 carbon a 


puished for its. great 
not be readily sub 
the case with the chlor 
bromine and iodine 
operties. If 
an alcchoLlike substance termed pienol is obtained t 
this body is distinguished from the alcohols in the same "3 
that chi distin, from the alcohaic 
chlorides, v tached in th 
phenols than 


mn pro c 
irogen be replace 


r-benzene is 
the OH is 


Tonochlor-benassie 


tro-bei ; 
Amido-beniene, or Aniline 
1 of these radicals may, however, replae 


THE AROMATIC GROUT 


nm becomes very 


Hm han the foregoin; 
ne in which 1, 2, or 3 atoms of hydr 
by methyl, CH, : 


CoH 
G.H,CH, 
GH \(CH,), 
CHACH, 
CH CH. 
f the denzene residue can 
ments just as in benzene itself, 
ts thus obtained possess properties 
benzene, But th 


€ in this way 
‘0 those of methyl 
he following isomeric 
ined from methylbenzene 


C.H,CL.CH, 
CiH,OH.CH, 
GjH,NO, CH 
CoH.NH,.CH, 


G.H,.CH,cI 
CH,.CH..OH 
C.H, CHNH, 


hyde, 


1 benzyl alk 
From di- a 


H,Con, 
melts} 
‘series obtained, ‘but an 

0 dicals may be : s 
gain give rie 


known ‘ 
and as thes methyl, 
mn produce 


atic series 


e substituted fo 
o Similar substitut 
umber of the ar 
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not only extremély large, bat 
: nethyl benze 
we, CoH,(CyH,), whilst’ the f 


eur follow; 
in the compound-C,H,, 


these hydro-car othe 
of great importance to have a means of re 
This is easily effected by 0 ines 


oxidation at first monoba: 
| COW 
cH 
(CO,H 
icc 


CH, and af 


CH, 


DERIVATIVES. 


an be prepirel 


od; 
synthesis, by heating acetylené i 
t union of carbon and hydrogen, ne 


triacetylene or benzene being formed 


Ain the light oils obtaiced by 
re distillation of coal. It i A 
paxerfully, boilin 
ie is attacked by chlorine, 
m treated with nite 


BENZENE DERIVATIVES, 


NH.) +2140. 


H4OH).—This is a white 
and boiling at 184°, 
solves in the alkali 


powerful 

a disinfectant, 
d with lime. Benzene i 
Passed over ‘heated zinc 


t differ 
, Ibis not readily 
a ketone, nor an 


d by the direct action 
pentachloride 


OH.—When 
3 atoms of 

acid is a 

le in water; it i 
many other sub- 


W crystalline body, 

ained by the action of nitre 5 

e aromatic nucleus besides carbelie el 

Wes. Pictic acid is employ aits as 

sand i 8 employed in the arts at 

‘ ¢ 

one ate 
up (NH); 
The mi 


and its detivativ 

A yellow dye for 
Anit 

body is 

the 


he, oF 
sehzene in whi 


This important 
™onad gro n 


isreplaced by 
properly called 
aniline from ben. 


of hydroge 
therefor 
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‘ KCO,44119 ate; an on hegting + 
ity at 0° is 1036, and it be liar sn wns of 


found amongst the products of 
ion of coal 


with acids to form di "y it - 
turn red litgius paper blue. Crude " GHAN NOH = GHOM) 
now on a very large scale for 
pollen and za acted on by nitrous acti, one atom og 
caaly detected by adding the ssi oe sul toms of hydrogen, and a submance ter 
slution of an alkaline hypo-hlorite, when a splendnies’ GHA; is formed. Thi 
Joration fs formed. Thi y substance ie rat grioa¢ needles, and either by 


urs, and is called ma: sit tains a base of cony a comnines Sita 
cated constitution, termed mawivine, CoHyNy Thecalee | 3 ee pbines i 
mauve can be prepared by many other methods : the best of > 7% Cu 
these is by heating as ha di hloride of sodium 
and copper. The other eoloutin ed from aniline 
dion the nex A es rise toa very 
oF tM hydrogen in the NH 
and ott Thus we have etl 


aniline, C,H, Ho F acquainted with 


} amido-benzene 
1 


Asie oe Amid Senrl Dianidebenmt 
CHy(NH,). CH ANH» | 
Git " Hin, Cau JOH 

Aniline has also been called Péenylamine, “H Ys, and | ance stand ion, to phe 
as phenol and is therefore 

in certain respects it resembles the compound ammonk Poenoh action of 
is capable of forming a non-vola , a roduced by the 

NC\Hy(C;H,)s 10, cafled triethy ere tees woot 
gh he al orcin and Hydrant 
oxide, which is an hydroxide #¥ we 


 Hrdroguinane. rye! faek 
7 replaced hs tillation of quinic acid c 

©. If one atom of hydrogen & Ty mpounds is to be expinined bee 
nusttlo, J mi! NDS of hy 
al, as acetyl, we get He wos Hydroqus . 


vl take 4 
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2 body crystallizing in goléen yellow need}: 
strongly like iodine, z 


Gf OH +O = GH,)o 


and smth 


‘10> + Ho, 


Hydroquinone and one and wy 
oT. orguinon Hloraniy CoChOn Irae 
gold the action of hyarochlo 
Sium chlorate on quinon 
pounds. it is avery 

Aur 8 a 
matter also called Rosol 
phenol with oxalic and sulpt 


3CjH,OH +2CO 


CooHy.0, + 21,0, 


TOLUENE. AND ITS DERIVATIVES, 

Toluene, or Methyl Benzene, C;H, 1(CH)—This 
hydrocarbon occurs likewise in good coal oils, and ir bolle 
111% and does not solidify at — 20° ; it is also formed by the 
distillation of toluic acid with excess of lime. It can b 
prepared from benzol by replacing one atom of I 
by methyl (p. 339). B Of oxidizing ag 


CH, + 0, = CHO, + H,0. 
Nitro-toluene, C;H,(NO,), is obtained by the action of 
acid upon toluene ; and by reduction a basic substance 
aniline, and called Awide-tolest, 
(NH) (CH) “This sa said 
reial aniline, snd 
ays in ‘comm nd 
preparation ofl 
violet aniline col [ din ‘i ‘es at 40°, and 
boils at 2am Toluidine is isomeric with bens Tomine a, 
Cresol, C;H,(HO).— A crystallizab‘e solid, hom loans 
with phenol, contained in the c arbelie acid ¥ : 
Mixture of phenol and eresol ; it boils at 200" 
Rosoailine, ‘The compounds of thi 
m aniline colour known 
oar may be obtained in various ways 
the best process consists in heating. the ord 
ic acid together to rat 


s substance 
agente 
from crude 
rude sult 
fro 


ezrin OSANILINE, 345 
so? to 140": the quantities taken being 12 parts of dry 
7renic acid of cominerce (containing 13's per cent. of water) 

s of ani ur cannot, however, be pre~ 
pared at all from the presence of toluidine is 
Fecessary for its f a, « The formation of rosanilisfe may 
be thus represente 4 


din Rosanifne 


GN +2 GHN + 0; = CoHyNs + 3 10, 
af fact, that the pure base, rosfniline, is a 
pstance, dnd that itis ony ints alts that ite may 
; uring powers becolne visible, ‘The crystals of 
the rosaniline salts exhibit by reflected light the metallic 
of a deep red col 
y are soluble in alco 


action of nascent 
is formed which forms 

name of Z line has been 
re hydrogen than rosani- 

in the same relation as blue 


acem: three 


Cig on heatin 


CoH ACoH)N, + 3 NH, 


| by substituting three of methyl, 


healcohol radicals : thus tricthylrosanili 
is manufactured for it 
wn as Hofinann’s violet, 
wheniline green is formed, together with the violet c 
hen is heated with an alcohol-iodide 
Sins the ammonium base CieHie} xy { CH. OH 


= (CHy }™3( CH; OH: The 


splendid colour, and 


Picrate of thi 


monds 
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liquid, boiling at 207°. Oxigizing a 

the aldehyde, C,H,O, and lastly into the 
cid 
yide, oil of bitter almond. 


37). 
¢ be obtained b 
in this respect res: 


a ben 
aldeh 


substanc 
contain: 


is very poisoi 
hydrocyanic acid 

n acted upon by oxi 
ic acid. Ben 

juol or methyi-be 
fen of the methyl are replaced by ¢ 

CH,(COH) ; 

substance in 

the methyl is 


n of oxygen, 
H,COCI, is 

2 of hyde 
nd oil decomposes into benzol and carbon mmamtie 
n passed through ar t benzoyl chloride i 
ed by the dir 


C,H(CO Cl) + HCl. 


chloride can also be formed by the action of pho 

pentachl upon benzoic acid ; it is a colourless 
boiling at 196 : : 
vic Acid, GHOy or CyH,CO,H.—Found in many 

especially in gum benzoin ; ft also occurs in theurige 
rine of man and other animals 


H,.CO,Na-+NaBe 
ting. guts DE 
ating Gon fs 


s of 


Br + Na,+CO, 


y_ prepared by ki 
dsublimes im pearly white plates3 
Benzoic acid forms a 5 
the ferric benzoate 


NDS, 3 


ipitate whengsodium benzo addea 


1,0 
HOV OA wolcyealted sap 


0, obtained 
104 


acting’ upon potassium ben: benzoyl chloride, 
CATO} 


K{O + GHC! ~ GHOlo + Ker 


KS 
Itis a solid subst ng at 


her. Several mixed anhy 
$ wevhave acetyl benzoate, 


G)H,.CH,NH. 
e, boiling at 185%, 
monia upon benzyl chloride 


H,NOs, is contained in the urine of 
It can also be artificially 

oyl chloride on glycocol or 

d, hence hippuric acid is benzoyl amid-ncetic 


Ciyecot Hippuric Aci, 
Hy NH, CH; NH(CO. C,H) 


I 
0.01. 


I 
co.0H 


By passing through the animal body benzoic acid is con 
Yerted into hippuric acid. 


SALICYLIC, OR OXYRENZVL CR 
The member y connected with 
the benzoyl zg m by the substitution of 
tom of hydrogen by hy (OH 


iol Aled C10, = Ci, | SOF —Te vile 


also formed 


{Cons — GHYOH)CH,; 
alcyl aldehyde forms salicylic acid on oxidation 
Salicylic Acid, CH,OHCO.H, is found te 

aldehyde i the ei of Spire, and oe OF i 
tion of salcin, &e, It now obtained orneshy 
synthesis froin phenol.” Sed 

by dissolving phenol in caustic 


h the 


is pas: 
250°, 
» Phenyl. 


ONa + CO, = C,H,OH.CO.Na, 

On heating, salicylic acid again de 8 into phenol and 
carbon dioxide. ided_ prisms, 
and is monobas it occurs in the oil 
winter-green (G 

\ OH 

(CO,CH 
ing and medicinal propertic 


tannin (p. 337). 
caustic potash on 


GH,0; + 2 KHO = 2KI + CHO, 


It may therefore be regarded as salicylic acid i 


toms of hydrogen are replaced by two of hydroxy! (OH) 


10 carbon dioxide a 


On heatin 
HOH)» 


rr ATOMS OF 
AROYATIC COMPOUNDS CONTAINING EIGHT AT 
CARBON. 


Dimethyloenzene, or Xylene, CH{CH))-—* 


obtained from coal-tar oils, as a c 8 ligt 


140 mixt 


which two | 


Acid, CH,(CO,H)y is a pr 


substance 
hyltoluene, turpentin 


two of methyl have 
Vand 2 (ortho); (6 


4 and from 


This lat 


hhen expe 


uct of oxidat 


iS obtained 


GHC 
ccur in tar oil; one 
s obtained by. h 
acid, three mi 
a of’ water, 
of act 
nce it follows thay” 
d 5. 
t 166 
ne) boiling at 151°, are two otf 


the chief con: 
yf OCH, 


UGH, 


d oil of pimento, 
hol, CHC 
in liquid 

COH, is the 


1.,CH;OH, is contained asia 
whilst Cinnameale 
constituent of the oil of 


chief 


ms of Toland of Peru: 


found in the sweet 
tain sweet-scented 
ing on sodium 


Cunarin, GHOy a crystalline s 

odruff, in Tonka bean, and in 
grasses. “It can be artificially formed by 
salicylaldehyde with acetic anhydride. 
{oH duct of the 
eri CH CHIN H)CO,H, 
position of albuminous bodies, hair, 

likewise occurs in decomposing cheess 


is a pro 
feathers, Hom 
feathers Ee 


‘O,H. exists in styrax, in bal | 


cochineal insect, 


] HIGHE 


din Roman cummintoil, and b 
CH. 
1(CH,), 
ystals, which melt at 44° and boil 


HOH s contained in oil of 


rms tabular 


(CO.0H) 


ntained 
coal format . 


large octohedral 


TWO OR MORE 


easily formed by 


compound is 


red-hot tube t 
nly + H, 


ess plates, which melt at 70s, and it 


THE INDIGO Grovr. 
This substance is the bluc 


Several sponse slouring matter derived from 


fates when they undergo oxidati u 
tion, which, on exp air, depesite indige i 
sede nos as, connnes SR 
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The pure colourin 
from commercial indi 
position is CygH,)N.O. 
andy ether 5 Strong or fa 
ndigo, forming a deep 
times in healthy drine fates 
oged in contact with alkali 
oluble and colourl 


n. The substance thus produced Y 


roduced 
its formula is Cyt,,NO- The 
employed in indi 


allowed to st . = these 
The 
posure to air becom 
insoluble blue indigo in th 


When indigo is fused with c 
dioxide, amidobenzoic acid i 


HNO, 
formed 


C.H,No H;N +2 K,CO,+ H, 
When blue fidigo 1s d with tin and_hydrochlor 
acid, it is Gest white indigo, and then toa 
yellow body, which on heating with zine powder and watet 
forms Jndol, C\H,N.- Indol is a crystalline substance 
h forms th ing-point of the indigo series. The 
production of nzoic acid from indigo, and of aniline 
om isati at these bodies contain the benzol grow? 
of carbon 


ally by melting togetbet 


Indol has been prepared synthe Aes 


potash, iron-filings, and ortho-nitro-cinnaml 


1 7NOs NHS cH 460,40 
ot CH = CH.CO,H CH 


CHC 


gestion, amd 
Te can likewise 
ig eg albumen with the pancreas. 


Indolis one of the products of pancreatic 


times occurs in the urin 


NAPTHALENE 


neg when the 
tee 


cH 


an be 
» also 
urther sub 
from the dich 
HC; 40 that 
H,NH ; and this body, lik 
ng action of nitricacid naphthalene i 
ali HO, This sub: 
with the benzoi n 
baryta itis c 


on oxidation violet 


Poe 
GH.0, = GH, +2 CO, 
this acid may be represented as C,H, | CO: 


When a so , ‘drochlorate i 
With solution of pot 

Kapiithol is formes), ( 
Mation of diazo-benzen 


of naphth; 
H,NHCl (corresponding 
aniline, p, ‘On heating 


A 
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lution of this Gody, a subst: 
us to phenol, 
tion-products, the sodiy 
naphthol, Cyyl,(NO, 
dye Known as wophe é 


ANTHRACENE GROUP. 


thracene, C,,Hyy—This hyd 

the least volatile portion of the coal oils, enya 

silky scales melting and boils a little 
Te can also bi 

hydrocarbon, C,H, 

in closed vessels at 1 


4GH,Cl + 2H.0 = C,H 


By the action of nit 
are formed, and thea oxyan 
Cue {> Anthracene 
carbons, with picric a 

H,(NO,),0, crystallizing 
by dissolving anthma 

lowing the sol 


HyHO),5 2 


‘rythric acid) whi 
ith acids or alkali 
es on in the most 
It can be artificially obtained by heating bi-brom 
oni austic potash 
CyH.0,Br, 4+ 2KOH = ( wH.040H) + 
of formation of al 
technical importance, but a 
ee Lae 
col ee ‘so that the dis 
a marks an era in the bis 
econ yellow-colou: 1 bod 


ith 

been pire alumin 
Animal fabrics, 
ation of mordan 
luble the colourin 


1,0. 
tu0. Cuting 
On t0 the 


dia the same rel 
yl aah 


are formed 
ned 5 thus" 


10H 0 camphin 


HyOy camphoric acit 


On distillation w 
and resin 
n is obtained in 

other resins, such 


position,» They 


ithene, from the 
turpentines when h 
Vand other reagents, | 
action on the ray, of 
ame left-handed, 
ne combines with | the'vulcat. 
ind forms isomer pounds: it abo | to = eely ont 
npor to 3 per cent. o e ith 
r to form a solid hydrate. On oxidation, | Sulpiut''y black: hs or vuleanite 
is for Giutta-pe ye hardened juice of the 
ently on turpentine, but when carefully | Yeonauire Guttn, he io Borneo,  Singapor th 
rated, hydriodic acid andeymene, {pure substance is chite, cad in in alcohol, i 
the. constitution of turpeatine ® Fn ether, chloroform, and carbon disulphide 


cH = cH VEGETO-ALKALOIT 
on, ee CH—CHy yh, this nam = of bol 
cH = cH J : 


ic constit 
kaloids are liquid andy 
hydro; cain r 


NH, + HCl = NHC, of NH,H, 
L-yNO.Cl f 
Meephinw i 

crystal 

respe 


is obtained by dis. 
ntained in black pepper, 
one atom of hydrogen, 


tillin 


} fi 


106, and possessing 


lourless 


a strong ammoniacal odour of pepper 


mine, Cally 
Conin iH “ 


}.N, contained in the hemlock (Comin 
Vaculatun)—It isa colourless liquid, boiling at 168% and 
line reaction, form swith acid 
a narcotic poison, Under certain circum 
conine yields butyrie acid by oxidation, 


CyHyN,, is the chicf alkaloid contained i9 
whi:h'contains varyingg quantities, from 2 to 8 pet 
OF this substance. Nicotine boils at about 240% under 
ig partial decomposition, but it may be distilled, at a 
in an atmosphere of hydrogen without los: 
Yicotine is soluble in water, alcohol, and 
5 one of the most violent poisons’ with whic 


ine acts a 


ether, and it 
h we a 


y Acging 0 


fterwards p 


ated with i 
to ammonium iodjde 


of the poppy (Papa: 
in Asia Minor, 

opiun and con 
loids contained m, of wh 
are found in largest quantity 


Morphine 


CyHyNO. 
HNO, 
Thebi CyHaNO, 


In adi 


erystallizabl 


to these substan 


Toids, although possessin 
Sedativ 


extr 
t been converted 
valuable medicine 


in large 
ration soon en: 
ary power of motion, 
Appears that thebaine is the 
then narceine, papaverine, codein 
Hy NO, + 1,0. 
pium 1s extracted w 
acid’ precipitated by calcium chi 
filtrate, 
M 
water : hot 
ether. It forms crystalline salt 


sof morphine 
1,000 part 


s than fifteen 


Th 


nce called M 
alled Meconic Acid, G,H,O;, with wh 


the motor nerves, and 
lysis, Nicotine 
by an alcohol 
ethylyga salt corre 
ced 


prod 


(CHE, 


is the dried juice of the head 

wm); ivis. prepared largel 

and India. “The Smyrna 

tains from 10 to 15 per cent 

ferent alka. 

and nareotine 
ost important are 


ich morphi 


Papaveri CyHyNO, 
Narcotin CaHyNO;, 
Narceine CyHpNO,, 


opium contains a neutral 
nine, CyaHl,Oy.and an 
h the alkaloid 
These alka 
closely analogous ec 
done intothe ather.. Opium 
in small do: acting a ay 
he pulse and. the action of 
coma, and death 
tt powerful of the a 
In order to pre 
ith water, and th : 
ydrochlorate sepa 
obcsld and soo of boiling 
iy whilst tts insoluble in 


4 
MS _ | 
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, CyHyNO, 
ware with hy 


NO, 


and one molecule of a 
molecule of 


sHyNO, + 


ie and methyl iodi 


most_powerful poisoat 
irusine, afe found 
rica and in the Strychnet 


THE STRY 


g With sulphuric acid 


purple 


N,O, + 41 


also. be 
of nitri 
Curar 


a pecul 


HNOS. 


can, producing tetanic convul. 

0 in very. small doses in 
extremely bitter and. tar 
yhen present inethe minutest 
nd pothssium 
colour, which passes rapidly 


1,0, is found alone in false 


rychnine in Nyx Vonica ; 
strychnine 

bitter than 

wuished from 

yduced when it 

d this reaction may 

a most delicate test for the presence 


liar alkaloid contained in the 
‘A most powerful poisons 


of the Cinchenas, 


The bark of this species of tr 
ww transplanted to Java an 
inine and cinchonine 


quinidin 


Its solution has a 
hilo: 
is produ 


Quinine appears 
as when treated 
compound is forme 


le 


din the bark wit 


s, originally grown in Peru, 
nd ‘India, contains two alka: 
and each of these yields two 
e and quinicine, cifichonidine 


a peculiar 
Je docs not possess the 


alkaloid may be precipitated 
of cold water, and in 2 pi 
trong bitter tasty and 
fi. Quinine thay be: de 
and afterwards an excess of 
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hen a drop or two of sulphyr 
es very strongly th 


mite, CxHayN,0.— 
which accor 
hol: thus cinchor 


hate to 120° 


y to theright. Henc 


he pol: we have 
ine powerful left-handed rotation, 
Quinidine powerful right-handed 
Quinicine feeble right-handed 
Cinchonine handed 
Cinchonid ul left-handed 
Cinchonicin t-handed 
Theobromine 
tained in cacoa If in this substance one 
ethyl, Caffeine is formed 


‘0, + 


Theobromine, CHyN.Oyt 
ive principle of tea and coffee : > 


H,0.—The 


ie Laulinia Sorbilis, ‘The quantity o 


s of Mer Paraguayens, de 


e of tea 


2in p 


ALBUMINOUS SUB 
nntained in tea is at 
cent. ; in guarana 5 p 

2 per cent 


ripton of the numerous of less general 
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ALBUMINOUS SUBSTANCE : 
winb&r of peculiar compounds 
titution, of whose true, chested 
norant. ‘They do not crystals 
amorphous jelly ms hence itis dificult 
in the pure ind it is therefore’ difficult 
their chemical composition 
to cart 
cisely, the 


complicated co 


n, hydrogen, 
rms possess. 
atne composi 


primarily 


ailt up by 
chemical. com 


ands which 
dup in larger or sinallet 

of th f which 

albumin 


bundantly 
8 substances differ in 


in chemical composition, and in physical 


exclusively the animal derives its supp 
h constitute by far t 
part of the dy. Whatever the vai 
ninous sul h. it feeds, the animal 
erting it al albu: 
Compounds which are characteristic of its various 
nd fluids. Animals which feeders 
irectly trom vegetables, Carnivorous animal: 
revtly n the bodies of the vegetable feeders, they 
minou tances which the: 
Previously de m plants, 


s the p 


for, living up 


obtain the st have 


a called, exist 
and fluids of the animal body. It o 
in the white of egg, and in the 


in many of th 


solids 
ortion of the 
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blood. It may be ob 
them up, dilutin, nd filter 
¢ from ‘the. sh 
The fluid, whi 
lized with a 
gentle heat. An 
Tike ma: 

‘One c 


in the fluid in which 
ae f ‘ Ibuminous substances are 
ely a tie substance. Theimm 

is thus obtained, s i 4 fibrin appears to be 
n blood after a has left 


ower of ¢ 
min pi 


nd lead acetay f c dified and en 
thes : 7 corpuscles ; the latter 
parece fibrin generators, above 


Alburhinate of potassium is readily f 


tained in mile and 
white of egg and then a 


f 1 r Ikaline albuminat 
drop by drop to the fluid, . ‘ 


thrown down, 
Albimin is co 
body called Synfouiin 0 
odies appear capable of fi 
instance, be digest two in di 
a up ompletely d 
5 syntonin, of syntonin are m 
heat, W 
is thrown down, 


and from which 
ss directly, derived 


Fibrin —Thi 
but separates fi 
thas left the bo 
blood, as it flow 


y be obtained 


substance does 
m it in a solid 
dy. It may b 
3 from the ves 
me minutes 

to the t 


h-white o 


exist pre-formed 
almost immediately 
obtained by st 
washing with water 
white, 


h and 
t'is_a mixture of 
; Which exist with 
pal of these arcy ediadin 
min and ca 


hh, when f 


of plant: 
iation in chemical composition of 
found to be as follow 
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oo hydrog t } ; MISTER: , 
plainly noticed 
és larly constant 
Hence we st 
plicated c 
animal bodf, prot Peace, Obtained fom 
ulbumic : i sconected wit 


n coagulates, it earric 


n be 


a body more 

t yields asa pro. 

mount of 0°42 

very dilute 
matter of bl 
Haemogl 
bin which ¢ 


Animal matter = 
Calcium triphosph a : ' 
Calcium eatbo 
c ‘alcium fluoride 
meimesines phon 5 two kinds of: blood exist 
and purp 
he channel by means of whi ; of the 
all the requisite suppl. of p b havin 
for their growth and for the repair of waste, but 4 considerable prop 
of whi y are able to get rid of the wom maicombined oxygen of its haemoslot 
immediate removal. In vertebrate Arqatged with certain products of t 
¢ ema A ee be tein! blot Gea Procts 


ination, 
t Of them 4 


vination ; the 
the ox 


Corpuscles 


imply. di 
the neutral sodiu 


mbinat pu 


follow the quantity 
ato and un 
meter of mercury), yielded on an. av 
volumes of arterial and ood 


The bra 1. 


a contains many imperfectly investig: 
amongst which is to be mentioned one, rich in 
phosphorus, called Profagom, which appears to be 3 £00 
a complicated body called Lecithin (see p. 323 

The products of decomposition of the latter body are stare 
d, acid, and an ammonium base eal 
Amongst 1 guide maf 


be me 


he other most 
toned Gastric Futice, 
membrane of the ston 


important animal 
a clear liquid secret 
in this. secretion 
called Pepsin, which is the active A&@ 
digestion and Solution of the albominots 
It has an acid reaction due to the Pt 


A 


and sulphur di 
The 

derably 

ye material 

the 


the alka 
the formation 


w 
Bi 
M 


The specific 
uric acid. ‘The 
arterial. blood. 
parts of water, 
matter, and 13 


FUNC 


Th 
may be 
mater 


general 
tated 


function’ of | 


ANIMALS AND PI 


ichloric mid: 


J out into the 


The Bite, 


ANTS. 9 


a liquid 
duodenum 


al peculiar ni 
HyNSO;, and glyowcholic acid, 
stance termed faurin, CH;NSO,, 
of acids on bile: this body, 
pound of aldchyde-gnmonta 
repared artificially by heating 

H, SO, which parts with H,O, 


genized acids, 


pectfiar sc 


n diff animals, *but each kind contains 
needed for the Tormation of the body of the 
thus it contains casein’ (a body having 
tion ‘as flesh), fats, (buiter, and 

those inorganic salts, especially 

lorides and_eal phates needed for 
of bone, ‘The f the 
milk of different ai 


pluble Sal 
ravity of milk varies fro 
Itis in ¢ that a large 
ous portions of the body 
urine is secreted by the 
Healthy urine contain 

f urea, 


kidneys from the 
in 1,000 part 

1 of uric acid, t5 of other ¢ 

salt 


TIQNS OF ANIMALS AND PLANTS, 
characterist 
as follows : thi 
n and evo 
the plant lives up 
carbonic acid, water, amm 
g them and ev oxyyen. The chemi 
ion, that 


of animal and 
‘animal lives upan’ orgy 


‘app 
‘does not 
rated by 
h th 


out af the hi 
to fr 


F carbon 
tem f es, 
yy of exhaled carbon 
determination of the quan 
n-animal under the abore ei 
- but one 
h is surror fculties, | 
1 a esult of the best experiments 
that sips carbonic. acid (at o/aa¢ ) 
i bout 40 grams of cat 
brit of carbon, per hour : the beat 
ich i combustion of this extbaa 
of the body, It is dif 
racy how far the whole of the anita 
d for by the combustion of this earbat 
al changes which go on in the body are of 
ated nature, and as yet little understood. Coe 
et, th neral point of Viet 


ubject in a ge 
much doubt that the whole of the 20 


to th 


alway th 
> keep up 

determine with 
can be ac 


volved b: 
temperatur 


der certain ¢ 


als, as we hav 
ch mentary ‘con 
This fun 
init 


are, howe 
ituent 
sunlight ¢ 
cannot de 
without 
the 
penditure of force is nece 
the rapidly vibrating 


PLANT 
ion of the materials 
quar cid 
ain ay 
f animal sheat is 
jormous quantitic 
mp 


rbonic acid 


of 


ntities of ¢ 
remarkable : in 


s reduced by 
full diet; wherea 
re to one-third by st 
pserved, viz, that 
ved in small quantitie 
ndition 
demands careful 
y such patient research 
ny real estimate of the 
body. ‘The special stud: 
has been made a s¢ 


thei 
n the 


le to pre 

which they 
ab) 

built up their various part 

tirely dependent upon the sun 


matter of 


they which 
i thus enable the 
Uhrowing out 


burns to cai 
unt of force 
form of vibrations 0 


light originally to 


Henze, when 


their turn 
The bai 


table fibre, &e. ; and 
the plant, <The plant obt 


of these material 
hydrogen, and oxy 
tain, the plant takes 
whilst the whole 
whilst th 

Every plant has 
carbon and 


the 


tums out alwa 
the ail, and 
2 poisonou 


has been amas 
even an approach to a k 
this important subject 

ascertained respecting the questions 
ee refer the 
Igriculturl 


facts which have t 


of manuring, fertility of the 
reader to boo'ss on the 


ELEMEN 


with truth be call 


and by 


mouth of 


ply of independent 


ied 
congition of 
obtained in th 


and atmo 
jensed by M. Culletet in Pang 


the abor 


anc mate Lupon subi ases to great coh 
. Under a of 320 atin 


far from p 


to astill lower temperature 
and hydrogen and. att 

m has indeed been solidif 
red particles, thu 


tical with that of 


owlege of tthe laws, which regal 


nt of the interestin 


ENTARY ¢ 


QUESTIONS AND EX 
FOREGOING 


the pupil t 
ience, he must conscien 
stions, and work out the 

each Leson. In actual teachin, 
to supplement the Questions gi 
character 


Lesson I 


1. Describe an exper 
burns the materials are not annih 
2. Distinguish between a 
pound: 
% What is the construct 
4 Name a few important e 
Is it likely that we ar 
gj elements existing on the ea 
6 Describe some cases 


nt to prove that when a cand 


hemical element and a com 


ainted with all 


Lessow II. and Hyd 


. How did Priestley first prepare oxygen gas? 
Describe the process now adopted for obtaining this 
Whence is the name oxygen derived? 

action produced (1) by animals, (2) by plant 

on the air, 

5. Learn by heart the'composition by weight of potassis! 

Hilorate. 3 
6. 1 want 109 pounds of oxygen ; how many pounds of 

potassium chlorate must I take? he 

7. What is meant by the combining weights of # 

Give an example. 
is the composition and w 


hhat are the properti 


ned from wate 
of hydrogen. 


9. How can hydrogen be obt: 
10. Mention the chief propertie P 
11, What is formed when hydrogen burns 
How can this be exhibited ? 


inthe ait? 


-omposin 
How much ain 
hydrogen? 


ber of exer n those hgre given,] 


tly the metr stem of weights and 


entiméters are contained in 1 cubic 


How is nometer made and graduated? 
X Describe the three thermometrie scales now in use, 
Work c ca 


as be at the temperature of 0 Cyto 
heated in order to expand t 
ime will 1,063 liters of hydrogen at — 3° occupy 
Law of Pressure 
will 1,009 
re of 16 


oxygen at 0° and 760 


temperat , and under a pressure 
heatt.the weight'in grams of one titer of hydro. 
at o and under 
calculating the weight 
liter of the elementary gases at the standard tempera 
ture and pressure? 
4. How many cubic centimeters of oxygen gas measured 
t tor and under 745 mm. pressure can be got by heating 20 
grams 6f potassium chlorate 
12, What is the weight in. gra 
#8 measured at — 20° and under 
13. State the laws of gascous diff 


of 516 liters of hydrogen 


70 Mm. pressure 


Lesson IV. Water 


coeey be necessary to divide this into two or more 


ELEMENTARY CHEMISTRY 
dish determine the 


ost exact method 
) by vol 
Vat is € latent, heat of ws 
Howgean you show that when 

Descnbe the changes in bulk which 
en heatedsfrom 0° to 100" 

When does water b 

How is the la of steam d 


water by its own evaporation 
9. Define the term“ thermal 
10, How is the tension of aqueous vapour 1 
u1. Why must the barome 

graduating a thermomet 

12 How 

13 What 


pressure be ha 


y does water lower temperature than 10 
4 What reason have we for believing that the ait is a 
Mechanical mixture, and not a chemical combination of 
(5, Describe the mode of making a eudiometric amlysi 
of the air, 
6. How may we determine the composition of the ait by 
weight as regards nitfogen and oxygen? 5 
7. Draw and describe an apparatus for estimating the 
quuntity of carbonic acid gas contained inthe ait, 
8. What important part does this carbonic acid play 
regards vegetation ? 
9. Hoy is rain formed ? 
19, Explain the formation of dew and hoar frost. 
11, What is the use of hygrometers ? 
42, Name other constituents of the atmosphere 


100 part: 


$ of nit 


tre i 


Copper and nitr 


the’ 


ula of the substance 


by w 


Ent by 


EXERC 


eight of U 
chemical 


f Nity 
he five 0 


combinati 


theo 


and carbs 


ine liter of hydrochloric 


of this 
1 parts 


passed th 


hts of 0: 


assium, sulphur; and thi 


id, nitr 
plai 


nd 


repared ? 


Name the chief properties of 
How many grams of nite 


1 from 2 
ed? 
I 


sO a 


Want 100 liters of nitric oxide 
he pressure 760 mm. ; w 
acid must I take? 


Point out the relation between nitro 


trates, and nitro 


dthen 


fe, and pota: 


how many 


Show that the 


ide and watei 


3 grams of ammonium nitrate 2 


Howis the composition by volume of nitrous oxide 


en pentoxi 


ND EXERCISE 


aly 
omposition of marsh. 
Prepared 


plain the principles of the D. 
w many liters of car 


of one liter of o 
rams, of pure 


juin cyanide and sul 


taken to yie 


on on pag 


1 meat that’ carbon dioxide 


Lesson IX. € fe and Hydrocarbons s e formula 
1. How many grams of carbon will be needed to ction of w 
100 liters of carbon dioxide at o” and 760" into cit | nitrogen pentoxide, and carl 
, and how many liters of this latter gis wil 10, What is the composition 
form cain 5 1 How um chlora 
Find the volume in liters at 10” and 740 mm, of cart 12. The percentage comporit 
inonoxide which can be obtained from 100 grams of = J ting, po assium 3103, 
acid and formic acid respectiv at its formula is KCIO, 
What is formed when caustic potash and carbon Show that the aqu 
are heated together ? 


NTARY CHEMISTRY. 
per cent. of Hi d =e 
compound of 


3. Write out in an equat 
iifthemmancheusre of iad 
4. How is hy 
5. Show thi 


tant temp 


1. State th 
with in nature 
3. Write down th 
of sulphur, oxygen, . 
+H dioxide prepared? How can it te 
liquefied? 


of the co: 


5. How many cubic centimeters of sulphur dioxide at & 
and 760 mm. can be got by the use of 12 grams of copes 
and how many grams of sulphuric acid will be needed? 

6. How is real sulphuro formed from sulpht 
oxide? Explain the cor of the’ salts terme! 
sulphites. 


7. How does sulphurous acid act as a bleaching agent? 


Lesson XIII. Sulphuric Acid and Sulpharetted 
Hydrogen 

1. How is stilphur trioside prepared, and what a © 

properties ? 


QUESTIONS AND EXERCISES 
Describe the d 


repared in the leaden chamber’ © WHich 


huric acid 


Teaden 


btained by 
red heat? 
nimchloride on 


insoluble 


Explain the terms colloid,” and cry 
id. 
How is silicon tetraftuoride prepared? 


Whe racic acid 0 
P 


1. Whi 


hi ican be obtained 
ap 


EMENTARY CHEMISTRY 


5. Hos tydrogen phoephate'propagcas 
& Write dowa the formule of the mace 
phates, : 
7. How many grams im melas 
by heating, 10¢ crocospric saith es 
8. Write down the decomposition’ w 
nitrate eo 
oat 
position 
Ta. How are the 


TPH. | Describe this deg 


erties of the substances forme 


hhlorides of phosphorus prepared y 


Lesson XV Arsenic Compounds, 

1. How is arsenic separated from its ores? 

2. Name the oxides of arsenic 

3 What are the peculiar characteristics of the 


arseni 
and arsenate is 


i How docs ferri 
poisonas properties ofthe arsenits and asenates? 

5. What is the composition and mode of preparation 
arseniuretted hyd iY ae 

6. Name the tests by which arsenic 
certainty 

Point out the gene 

phosphorus, and mitt 

8, Define 
“ molecular weight.” 


can be dete:ted with 


al. chemical relations of the arsenie 
en Compoul 


id “ molecule,” “atomic weigh 


9. Given the density of any body volatile without decom: | 


how can its molecular weight be foand ? 


positio ’ 
ference between atomic 


19. Explain, with examples, the di 
and molecular formul:e wien 

11. Explain fully what is meant when we say that ebloti 
isa monuh, oxygen a dyed, nitrogen a triad, nd carbon 
tetrad. ‘% i 
12, Give examples of compound radicals belonging 
monad, dyad, and triad groups. 

13. How is’ the guantivalence 
denoted ? 

14. Wife d 
ings of the 
phosphorus. 

Write down a s 


cor raticl 


ibe a 


ine and 


of ‘an clement 


na representation of the poss 
atoms in the oxi-acids of chlo 
ty tbe 


jes of decompositions in whic 
hydroxyl plays a part. 


antidote to the 


GensraP Propertcs of the Metals 
Name the metals which 

At what tempgr 
Deseribe the mod 


h are lighter than water 
ures does mercury 


I ahd fregze 
inewhich the met: aad 


lic ores general 


some of the peculiar properties of the allo 
n account of hydrogeniam. ly 
e3 may al the n 


g between the atomic heats 
s lating the atomic h 
19, Show that the atomic hea 
explain how this result is obtained, 
11, Explain the classification of metallic oxides, 
12. How can metallic salts be obt 
cohstit 


g weights of the e] 
aw Fe at of covypounds, 


of chlorine is 64, and 


ained, hhat is their 


XVIL Chystallograpy 
Give the chief characteristics of crystalline structure. 
Distinguish between amorphous and cellular structure 
How is the cube derived from the regular octohedron? 
Explain what is meant by the axes of a crystal 
What are the distinguishing characteristics of the six 

systems of crystall 

6. How is the rhombo 
sided pyramid? 

7. What is 
dimorphisn 


johredron derived from the double six 


he meaning of the terms isomorphism and 


Lesson XIX. Metals of the 


1, How was potassium first prepared, and how is it now 
manufactured ? ‘ 

2. Staterthe sources of the potassium compoun: 

3. How is caustic potash obtained 

%& Describe what happens when 

5. Supposing that the decompo 
many cbe. of (1) carbon dioxide and 
and 760 mm. will b 
English musketry powder ? 


ie, howe 
one gram of 


npowder 
tion isa 
of nite 


ELEMENTARY CHEMISTRY 
Name the characteristie te 
. What are the sources of th 
. Describe the salt-cake pr 
tons of vitr 
will Be needed to 
nd ho 
10, How man 
ing 30 per cent. 
reaction ? 
11. Describe the decomposition 
converted into soda-ash, 


vert 100 tone 
many tons of thi 

tons of aqueous hy 

f HCL will be 


s by which 

12, Required 500 tonswof soda crystals ; what 

acid needed 
metals di 


weight of salt and pure sulphur 
3. How were the two new alk: 
14. Explain the analogy in 

the potassium and ammoni 


15. How 
propertie: 


is hydroxylami 


1, What is the composition of slak 
2. Describe the uses of lime in a 
3. How can tempora: 
4 Name the commonest mi 
strontium 
5. How can oxygen 
and how can this pr 
6. Mention the d 
of calcium, strontiwin, and barium, 
7. How is metallic aluminium 
8. What is the meaning of a 
12, Calculate the pe 
0, Give a short account of the composition and proper 
of the different kinds of glass 
11, How are coloured glasses 
12. How is common earthenwar 


s be p d 
be rendered c 
inguishing 


age comp 


Magnesium, Zine, Manganese 


owing Pe 


Lesson XX) 


1. Find the formula of a salt having the fol 
Ze composition 


tT 


2. How can the 
rated fr 
State th 


i e method 
4. How many gr 
t from 1,000 grams of 


an the ferrou: 
5. Describe t 
stone, 


2. Hon 
compositi 

8. De 

that known 

9% 3, 


alcium ? 
employed to ¢ 


tract ainc from its 
f crystallized 


e can be 
on of the several rhan 
oxygen at 42° an 

ng $00 
ame weight 


anese oxide 
under the pressure 
ams of mangane 


the f the same oxide 


a employ 


» detect the presence of 


of 
tons of 


distinguished 


ture of cast-iron from clay iron- 


processes of 
their 


n ifr i 


ELEMENTARY CHEMISTRY 


NUT Cobate, "Wi 


1. Mention some of the chemical ch 

2. How caa cobalt and nickel 
blowpipe? 

In what form does tin occur? 

4. How can tin compounds be di 

5. What weight of crystallized *, 
fiom one ton of metallic tin? 

6. Give the formule and names o} 

7. How ean we pass from che 
trioxide, and vice versd # 

8. Write down the form 

9. What is the constity 
ohr h 


re of the pot 


ssium chroma 
ion and mod tin 


le Of preparation 


LESSON XXIV. A, 


1. Write down the formule of the corresponding oxides q 
arsenic and antimony. 
How are the two chlorides of antimony pre pared ? 
How much manganese dioxide, salt, and sulphuric ag 
will farnish chlorine enough to convert 100 grams of antimeny 
into the trichloride ? 

4. Point out the chief distinguishing properties of the 
bismuth con nds. 

5. Mention the decompositions which occur in the proses 
of lead-smelting. 

6. Describe the action of LF on 

7. How is white lead manu ed? 

8. 100 grams of lead oxide when reduced to the metic 
state a.current of hydrogen lost 7°1724 grams. Calcal 
the combining weight of lead. 

9, 49975 grams of lead chloride needed 3881 gras 
metallic silver for complete precipitation. | Required Be 
combining weight of Iead, those of silver and chlorine 
given 


timony, Bismuth, Lead, Thallium, 


Lesson 


per pyrites 

1. How is copper obtained from copper pyrtes 

2. Calculate the precentage of water contain 
tallized copper sulphat 


Copper and the Noble Metals, f 


d in or 


QUESTIONS AND EXERCISES, 


What is the density of mercury vapour? 
tha usual law of densities ? 
i. What weight of m 

be taken to yield t 


Does it obey 


ury and corrosive sublimate must 
°f calomel? 9 
e Hiver exteacted rgentiferous Tead 2 
s by weight of silver yield 132°84 parts of silver 
Liven the cambining weight of chloring required 


: composition does silver chloride undergo in the 
Tight? “ 

*e Describe the meth 
9. How can 
meal 
10. Give the distinguishing 
silver, and gold. 


d used for the extraction of gold. 
Platinum ore b& worked into coherent 


for. copper, mercury, 


Lesson XXVI. Spectrum Analysis, 


1, Describe the phenomenon observed when a sodice of 
What peculiarity is observed i the spectra of coloured 
a Tlow d 
that of a glow 
& Mention 
& How can th 
é Be 
spect 


the spectrum of a.glowing solid differ from 


1¢ facts to show the extreme delicacy of 
ytical method: 
pectra of 


ained 
of use of the 


he metals be 
ribe the co and mode 
cope. 

Draw a rough sketch of th 

m, rubidium, lithiui 


tra of the following -— 
sod and strontium (sed 
Frontispiece ‘ 

8, Explain what is meant by Fraunhofer’s li 

9, Describe shortly an experiment to show the reversion 
of the bright line of sodium 

to, Why does Kirchhoff conclude that iron esi 
Solar atmosphere? 

11, How,do we know that the fixe 
not caused by absorption in the earth 

12. How can we learn the composition of the atunospheres 
of the fixed stars, and why are we in ignorance about th 
Composition of the planets? 

43. State the results of Mr 
the spectra of the nebulx. 


in the 


Huggins’ observations upon 


ELEMENTARY CHEStISTRy 
2 QUESTIONS AND EXERCISE 
Lesson XNVII. Jutroduction 


fo Org 


Hes Of the catton cg 7” 1¢ two methods employ 


1. Name the two chief peculiar eels 

pounds. z 

ive examples of monad,” dyad. 

elements. , 
Beep what is tocare by 

carbon compounc 


aturated and non-satany Globe filled with air at 16%5 
4. Name the chlorine substitution products of m erevea ne: 
£. Explain, with a drawing the coer C20 py of globe, 155% 

6, What is the constitution of the hydrides eit Lesson XXIX. » Carbonyl, and Sulphe 
alcohols of the first three series of carb n cor ad 

* polyatomic radical p anit Oy top 

benzol, CysHy, rent fro hi the ale g © 

hada” the al HN group of 3 How can hydrocyanic acid be direct! 
9. Give examples to show the distinction between em 

Peciandnieel tease 


term Vrite down the typical formule for the 1 


d com cyanogen compound: 
compound 2. Describe the tests for hydrocyanic acid 
| "4. What are the chiet points of relationsh 
cyanogen and the oxalic acid groups af co 

5. How much yellow  prussiate 
LESsoN XXVIIL Onyanie Anal ide, and annmonium sulphate can yield 
[It will be necessary for the pupil to work out many more gen at 11 Required 
exercises on the lesson than are here given.) Urea contain 


1, Describe shortly the process adopted for the esti 
ef the carbon and hydrogen contained in onganic cot 
Pounds. 

03059 grm. of a body containing carbon, hydrogen, ant 
+oxygen yielded on combustion o'Go00 grm. carbon dioxide, 
and 0°3049 grm, water. Required the relation between t! 


the names and 

9. How can the existence of several iso 
explained ? 
humber of atoms of the component elements. 

3 What is the molecular weight of an_ acid (nose 
chloracetic) whose silver salt contains §3'6 per cent 0 EAECUAGG: the aatogy: in. constiut 
metal? tion.976t gm | the ethyl and potassiuin compounds. 

4. 0705 grm. of an acid yielded on combustion 97 : r 


gra. 0 Write down the formule fo 
3 water ; 0391 1e 
of carbon dioxide and o'136 grin. water ; 0391 foi ie fe, aldehyde, acctamide, 


fhe silver salt contained o°184 gro. silves, TORS gallge 3. Give the namnes of the followin, 
Sees se 2 NCH o, C4H,0) 

5. How. does the determination of the vap HO yO GH,0 $y 
an organic body serve as a means of ascertainin cu 
cular weight ? 


A (mone Lesson XXIX—Panr I]. 


jour density 


4g its 


ELEMENTARY CHEMIST, 
chen 


4. What i 


Write dewn 
ed acids, 
is a secondary 
isomeric (fimary one 
7. Explain the of 


dimethy 
trimethyl a 


operties and mode of preparation o 
y Preparation of meth 


9. What is the a ulphuric 
sohol ? 
to. By what reactions 
methyl to the ethyl ser 
11. Explain the differenc 


we enabled 


Write down in f >inposition by which 
pionitril yields pr 
How many gram 


hyl 


nine can be prepared from 


nate, many grams of potassiaim 
be produced ? 

e down the forn 

acid, propyl ch 

the formule of 

ns of carbon. 


ule of primary propyl aleoboh 
butyl aleohe x 
three possible isomeric hydride 


ing 5 atc 


Hn}? 
ne upon "| 
hols be prepared 


at is the action of chlo: 
How can the hi 


rican petroleum ? 


fron 
gher alc ‘ 


QUESTIONS AND EXERCISE 


Lesson XXX, Compound Aimy 


by which the comg 


ins ean be preparg 
Required the percentage of platinum 
+ Pr, : 
Nectar weight and po 
alt yielding on heat - 


a-ethyl-amm, 
ples of prim 


nium hydrate pre 
econdary, 


determine the constitution 
nposition CHyN ? 
properti 


ia of the 


sition of cacodyl 


n of the pl 
hat is the 


osph 
comp 


How is zinc ethyl prepared, and what ar 


CO, = C,H,Nao,; 


Mention the chief reactions by wh 
be formed. 
How many gram 
500 liters of carbon 
3, Requited 
oxalic acid are nev 
4. What is the formula of f 
§. How can acet-aldehyd 
and how can aldehyde be reduced to alcoh 
6, Explain what is meant by acetou: 
2 What is the composition of red and iron 
8. How grams of glacial acetic acid ¢: 
from 25 kilos. of potassium acetate ? 
9. How is acety! acetate (acetic anhyd: 
10. Name some of the chlorine substi 
acetic acid, 
11, Giv 
acetic 


of potas 
monoxide 


be produced fr 


the formule and 
d, acetyl peroxide, acetamide, acet 


of prepa 


12, Show thai ESTIONS AND EXERCISI 
acetic acid by 
guish between or lactic 


and hyd? 


14. Point c ral met h ' ; S 4H,0 = C,H,0, 
the di- to the tri-ca 


several varieties of tarta 
NW XXXII 
the chlorine. substit and Hex 


hene re 5 a Non-saturated ¢ : Gre 


shed from aldehyite? 2, Explain the process of saponif 


coy a 
Cy, Hy, 6) Hy J 


Write down a th nes with their formule 
What is the 


What is the composi 
What is the constitution of mann 
XXXIV. Diatomlcdbds wwe for supposing it to be hexatomic 
Explain the following : 
the acids of (1) the lactic CoH Og + HHT = CyHyst $6 
ived from the cor 
at hydrated car 


Lesson XXXVI. A 


1. Give a short description of the pre 
Bhcome suger, Pt othe p 


i¢ the formul hy! sulphocarbonate. 
w many grams of oxygen are required to 0 
grams of glycollic to oxalic acid? 
"5. How can oxalic acid be obtained from carbop, 
and sodium 
Deseribe the manufacture of oxal 
Show that lactic acid can be formed fr 


aa 2 Write down the formule of 
3 What is meant by right 
power? 7 


i¢ acid from sadist it 
fom chore 4 What is the action of yeast and < 
Upon cane sug y 
«the formation of & How is dextrose prepared ? 
differ from Oo +. Give a shure account of the pri 


fermentation? 


8. In what important respect, as regard: 
salts, do lactic acid and its homologue 
acid and the higher terms of its series? 


ELEMENTARY CHEMISTRY 


Lesson XXXVI b Gums, and Gh 
1. Hoy doesstarch differ in 
2, What weight of dextrin 

from 1 kilo, of starch 
3. Wha is the co 

GH.O-+ HON +2 ¢,H,9 


jon of ink? an 


general characteristic 
zt teristics of a : 


Lesson XXXVIIL Gr 
bromine connect 
tain: 


1, How do we 
arrangezl ? 
2. Writ 
and cymene 
3. What substances are formed b 
atom of hydrogen in benzol by NO. ? 1 
4. Descril nethods 


suppose ar We 
110 per ce 
down’ the for P 


In what che 
2. How may fib 


olumes at i ; 
u Describe shor 


carbon dioxide obtained b 
aniline, 
6. How is rosa 
Explain the ac 
on the alcoh 
How can oil of 
benzoic acid, and vic 
9. Explain the 
10, Explain the following 
GH,O) 
‘2 {0 + CHOI 


of nitrous aci 
¢ solution of 
bitter 


converted ino 


onstitution of toluidine and beniyh 


GEO} ote 
GBS jo + Ka. 


It. Explain the relation of leucaniline to rosaniline, a™° 

of white to blue indigo, < 

12. Whit is the composition of wintergroe Hor) 

can salicylic acid be obtained from phenol ? | 
: relation of naphthalene and anthracene 1° 


oil? 


aot 
14, What is the chief colouring matter of madder? 


w can it be artificially 


name of the op 


af vegeto- 
pium alkaloid: 


How are 
related 


in the presence of 


ith theine 
ht of an alkaloid 
nt, of chlor 


hose 


casein be separated 


ition and properties of 

nd 

and rest 0 
jon of 


f their fo 


tet lo, 


pal benscat, 313 


and reles 357 4g 
nd fe oan 


yy Bore trast v3) 
so dation of $8 Doyle's ce Matis law, a9 
Has Guides, 157 3 


H 


omy, 8 


410 


Measures, 
with the © 
aMtasures; fab 
Mechanical ist 

Meson.e 
Meconine 
Melene, 

Melise acid,» 
Belay! aleobo, 
Mehtase, 308 
Mebsicose, 928 
Nellie acih 3s 


Mereapran, 2 

Mercure chloride, 

Mercurie comp 

Dereure eyanide, 

Mercure mer 
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